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(54) Polar group-containing olefin copolymer, process tor preparing the same, thermoplastic 
resin composition contanlng the copolymer, and uses thereof 



(57) The present Invention is mtended to provide a 
pofar group-containing olefin copolymer having excel- 
lent adhesion properties to metals or polar resins and 
excellent compatibility therewitli, a process for prepar- 
ing the copolymer, a thermoplastic resin composition 
containing ths copolymer, and uses thereof. The polar 
group-containing olefin copolymer comprises a constit- 
uent unit derived from an a-o^efin of 2 to 20 carbon at- 
oms, and a constituent unit derived from a straiglit- 
chain, branched or cyclic polar group-containing mono- 
mer having at the end a polar group such as a hydroxyl 
group or an epoxy group and/or a constituent unit de- 
rived from a macromonomer having at the end a poly- 



mer segment obtained by anionic polymerization, ring- 
opening pofymerization or poiycondensatlon. The polar 
group-containing olefin copolymer can be prepared by 
polymerizing the a-olefin with the polar group-contain- 
ing monomer and/or the macromonomer in the pres- 
ence of a metallocene catalyst. The polar group-con- 
tainmg olefin copolymer and the thermoplastic resm 
composition containing the copolymer are used for 
films, sheets, modifiers, building/civil engineering mate- 
rials, automobile exterior trim, electric/electronic parts, 
coating bases, compatibilizing agents, etc. 
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Description 

FIELD OF THE INVENTION 

[0001] The present fnvention relstes to a polar group-containing olefin copolymer, a process for preparing the co- 
polymer, a thermoplastic resin composiLion containing the copolymer and uses thereof. More particularly, the invention 
relates to a polar group-containing olefin copolymer having excellent adhesion properties to metals or polar resins and 
excellent flexibi^ity^ a process for preparing the copolymer, a thermoplastic resin composition containing the copolymer 
and uses thereof. 

BACKGROUND OF THE INVENTION 



[0002] Pofyolefins generally have advantages such as excellent moldability, heat resistance, mechanica! properties, 
hygienic qualities, water vapor permeation resistance and appearance of molded articles thereof, and hence they are 

15 broadly used for extrusion molded articles, blow molded articles and injection molded articles. 

[0003] The polyolefins, however, contain no polar group m the molecule, so that they have low compatibility with 
pofar resins such as nylon and EVOH and low adtiesion properties to polar resins and metals. 
Therefore, it is difficult to use the poiyolefins by blending or laminating them v/ith these materials. In addition, molded 
products of the poiyolefins have problems of poor surface hydrophiiic properties and poor antistatic properties. 

20 [0004] To solve such problems, there has been heretofore widely used a method of grafting polar group-containing 
monomers on the poiyolefins through radical polymerization to enhance affinity for the polar materials. 
[CM)05I Engineering plastics such as nylon have excellent heat resistance and strength, and hence they are used for 
electronic/electric parts. The engineering plastics such as nylon generally have low impact resistance, so that they are 
sometimes blended with olefin copolymers to improve the Impact resistance. 

25 [0006] The poiyolefins, however, contain no polar group in the molecule and show low compatibility with poJar resins, 
and therefore a method of grafting po^ar monomers on the poiyolefins to improve compatibility with the polar resins 
has been heretofore widely used. 

[0007] In this method, however, intennolecular crosslinking of poiyolefins and breaking of molecular chains take 

place with the graft reaction, and hence viscosity matching of the graft polymer and the polar resin is difficult, and 
30 satisfactory compatibility is not obtained in some cases. Further, a gel component produced by intermolecularcrosslink- 
ing or a foreign matter (foreign matter attached to a Hp of a die) produced by breaking of molecular chains may cause 
bad appearance of the molded products. 

[0008] In Japanese Patent Laid-Open Publications No. 259012/1989, No. 259012/1989, No. 51510/1990, No. 

51511/1990 and No. 177403/1991, a process comprising copolymerizing an a-olefm and a polar group-containmg 
35 monomer using a Ti catalyst or a V catalyst is described. According to this process, intermolecular crosslinking and 
breal<in9 of molecular chains hardly take place, but in the use of these polymerization catalysts, the resulting copolymer 
has an ununifomi molecular structure such as wide molecular weight distribution or high inversion content. On this 
account, orientation of the polar groups toward the interface between the copolymer and the polar material may be 
unsatisfactory, and adhesion properties to the polar materials and compatibiSity therewith may be insufficient. In the 
^0 use as a composition, effects in adhesion properties and compatibility are not exhibited unless a graft copolymer is 
added in a large amount. 

[0009] \n orderto enhance surface hydrophilic properties and antistatic properties, a method of adding a small amount 
of a low-molecular weight surface active agent to the poiyolef in and molding the mixture has been used. In this method, 
however, the added surface active agent bleeds out on the surface, and after molding, the film surface sometimes has 

45 a problem of whitening. The surface active agent having bled out on the surface runs off together with water droplets 
sticking thereto, so that a problem that effects by the surface active agent do not last long may take place. 
[0010] The present inventors have studied in the light of the above problems. As a result, they have found that a 
copolymer having a specific moiecular stmcture and a composition containing the copolymer are excellent incompat- 
ibility with polar resins and adhesion properties to polar resins and metals, and they have also found that the copolymer 

50 and the composition have excellent surface hydrophilic properties and antistatic properties. Moreover the present 
inventors have found the copolymer and the composition can be favorably applied to various uses. 
[0011] As a process for preparing an olefin polymer such as an ethylene homopolymer an ethylene/a-olefin copol- 
ymer, a propylene homopolymer or a propyiene/a-olefin copolymer a process comprising polymerizing an olefin in the 
presence of a titanium catalyst comprising a solid titanium catalyst component containing magnesium, halogen and 

55 an electron donor, and an organoaluminum compound, or a vanadium catalyst comprising a vanadium compound and 
an organoaiuminum compound has been heretofore known. In the copolymerization of a polar monomer using such 
catalyst, there reside problems that the molecular weight distribution or the composition distribution is wide and the 
polymerization activity is low. As disclosed in Japanese Patent Laid-Open Publications No. 259012/1989, No. 



2 



BNSDOCiD: <EP. 



.1196ei9A2_i_> 



EP1 186 619 A2 

51510/1990, No. 61511/1990 and No. 177403/1991 , when an olefin and a polar group-containing rr.onomer are copo- 
lymerized usrng a Ziegler catalyst to prepare, for example, a polyolefin containing a polar group, polymerization at low 
temperatures is only carried out, so that this process is known to have a problem of low activity. It is generally known 
that an olefin is polymerized in the presence of a metaliocene catalyst comprising a transition metal compouncf such 
^ as zirconccene and an organoaluminum oxy-compound (aluminoxane). It is also known that If the metaliocene catalyst 
is used; an olefin polymer having a high molecufar weight is obtained with high activity and the resulting olefin polymer 
has narrow molecular weight distribution and narrow composition distributfon. 

[0012] As a process for preparing a polyolefin containing a polar group, a process using a metaliocene cataiyst Is 
also known. For example, it is publicJy known that polymerization of an OH group-containing olefin is conducted using 

^0 a metaliocene compound having a ligand of non-crossflnked cyctopentadienyl group, crossNnked or non-crossllnked 
bisindenyl group, or ethylene cross 11 nkedunsubstituted indenyl group/fluorenyl group, as described In Macromolecufes, 
28, 5351 (1995), Macromolecules, 29, 5256 (1 966), and Poiymer Preprints, Japan, 49(2), 215 (2000). 
[0013] If is publicly known that polymerization of an olefin having NRg (R: alkyl group) as a poiar group Is conducted 
using a metaliocene compound having a ligand of non-crosslinked cyclopentadienyl group, crosslinked or non- 

15 crosslinked bisindenyl group, or crosslinked unsubstituted mdenyl group/cyclopentadienyl group, as described in Mac- 
romotecuies, 31, 2019 {1 998) and Macro molecules, 32, 14(1999). 

[0014] A process using an organometallic compound other than the metaliocene compound is publicly known, as 
described In Scierice, 287, 460 (2000), OCOP2000 at Oslo, and Books of Abstracts {C.W. Chlen). These processes, 
however have a disadvantage of extremely low polymerization activity. 
20 [0015] On this account, protection of the polar group by a protective group Is carried out. A method of protection is 
described in, for example. Macromolecules, 31 , 2019 (1998), dAm. Chem. Sac, 1 14, 9679 (1992), Potymer Preprints, 
Japan, 49(2), 209 (2000) and Polymer Preprints, Japan, 49(2), 209 (2000). 

[0016] In the above processes, however the protective group is introduced, and after the reaction, the protective 
group must be removed, so that the operations are complicated. 

[0017] Under such circumstances, the present inventors have studied and found that an olefin polymer containing 
a polar group can be prepared with higri polymerizatfon activity by copofymerizing an olefin and a polar group-containing 
monomer in the presence of a transition metal catalyst into which a cyciopentadienyi group or other special ligands 
have been introduced, without using radical polymerization or a Ziegler polymerization catalyst. Based on the finding, 
the present invention has been accomplished. 
30 [0018] A method of selectrvely introducmg the polar group at only one end of the polymer chain or Inside of the main 
chain and at one end of the main chain has been heretofore unknown; Then, the present Inventors have found a method 
of selectively introducing the polar group at only one end of the polynner chain or inside of the main chain and at one 
end of the main chain, and accomplished the present Invention. 

35 OBJECT OF THE INVENTION 

[0019] It is an object of the present invention to provide a polar group-containing olefin copolymer having excellent 
adhesion properties to metais or polar resins and excellent compatibility therewith, a process for preparing the copol- 
ymer^ a thermoplastic resin composition containing the copolymer and uses thereof. 

40 

SUMMARY OF THE INVENTION 

[0020] The first embodiment of the polar group-containing olefin copolymer according to the present invention com- 
prises a constituent unit represented by the following formula (1 ) , a constituent unit represented by the following formula 
45 (2) and a constituent unit represented by the following formula (3), has a molecular weight distribution (Mw/Mn) of not 
more than 3, and has an intensity ratio of Tap toTaa+Tap (Ta3/{Taa-fTa0)). as determined from a '•sQ-NMR spectrum 
of said copolymer, of not more than 1 .0: 



25 



50 



-CH2— CH — CH2— CH — — CH2— CH — 

I ! 1 

(R^),~<X)p 

- . . (2) • . - (3) 



wherein R"" and R2 may be the same or different and are eacli a hydrogen atom or a straight-chain or branched aliphatic 
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hydrocarbon group of 1 to 18 carbon atoms; is a hydrocarbon group; R^^ \b a hetero atom or a group containing a 
hetero atom; r is 0 or 1 ; X is a polar group selected from an a!coho!ic hydroxyi group, a phenolic hydroxy! group, a 
carboxyllc acid group, a carboxylic ester group, an acid anhydride group, an annino group, an amide group, an epoxy 
group and a mercapto group; p is an integer of 1 to 3; and when p is 2 or 3, each X may be the same or different, and 
5 in this case, if r is 0, X may be bonded to the same or different atom of RS, and if r is 1 , X may be bonded to the same 
or different atom of R^. 

[0021] In the present invention, in the constituent unit represented by the formula (3) is preferably a hydrocarbon 
group of 11 or more carbon atoms. 

[0022] In the present invention, X in the constituent unit represented by the formula (3) is preferably a polar group 
10 selected from a phenolic hydroxyi group, a carboxylic ester group, an acid ar^hydride group, an amino group, an amide 
group, an epoxy group and a mercapto group 

10023] In the present invention, it is preferable that R1 in the constituent unit represented by the formula (1) and 
In the constituent unit represented by the formula (2) are each a hydrocarbon group of 2 or more carloon atoms, pref- 
erably 2 to 18 carbon atoms, and the crystallinity of said copolymer, as determined by X-ray diffractometry. Is not less 
15 than 10%. 

[0024] In the present invention, it is preferable that in the constituent unit represented by the formula (1) and R^ 
in the constituent unit represented by the formula (2) are each a hydrocarbon group of 2 or more carbon atoms, pref- 
erably 2 to 1 8 carbon atoms, and the crystallinity of said copolymer, as determined by X-ray diffractometry, is preferably 
less than 10 %. 

20 [002S] The second embodiment of the polar group-containing olefin copolymer according to the present invention is 
a branched type copolymer comprising a constituent unit represented by the following formula (1 ) and a constituent 
unit represented by the folfowing formula (4), and optionally a constituent unit represented by the following fomiula (5), 
having a molecular weight distribution (Mw/Mn) of not more than 3, and having an Intensity ratio of Ta|5 to Taa+Taji 
(Tap/(Taa+TaP)), as determined from a ""^C-NMR spectrum of said copolymer, of not more than 1 ,0; 

— CH2--CH — — CH2-CH — — CHo— CH — 

I ! I 

R^ 

so I j 

Wq--eR^)r-^0~Z}p { r\ — (W)p 



... (1) ... (4) ... (5) 

wherein R"* is a hydrogen atom or a straight-chain or branched aliphatic hydrocarbon group of 1 to 18 carbon atoms; 
R^ is a hydrocarbon group; R^ is a hetero atom or a group containing a hetero atom; r is 0 or 1 ; Z is a polymer segment 
obtained by any one of anionic polymerization, ring-opening polymerization and poiycondensation; W is a hydroxyi 
group or an epoxy group; p is an integer of 1 to 3, q is 0, 1 or 2, and p+q < 3; when p is 2 or 3, each ~0-Z may be the 
same or different, and in this case, if r is 0, -O-Z may be bonded to the sanr^e or different atom of R^, and If r is 1 , -O-Z 
may be bonded to the same or different atom of R^; when q is 2, each W may be the same or different, and in this 
case, if r rs 0, W may be bonded to the same or different atom of R^, and if r is 1 , W may be bonded to the same or 
different atom of R6; in case of p>1 and q>1 Jf r is 0, W and -O-Z may be bonded to the same or different atom of RS, 
and if r is 1 , W and -O-Z may be bonded to the same or different atom of R^; m is 0 or 1 ; n Is an integer of 1 to 3; and 
when n is 2 or 3, each W may be the same or different, and In this case, If m is 0, W may be bonded to the same or 
different atom of R®, and if m is 1 , W may be bonded to the same or different atom of R7. 

[0026] In the present invention, it is preferable that, in the formula (4), r is 0 and Z is a polymer segnrient obtained 

by anionic polymerization. 

[0027] In the present invention, it is preferable that, in the formula (4), Z is a polymer segment obtained by ring- 
opening polymerization or polycondensation. 

[0028] The third embodiment of ttie polar group-containing olefin copoiymer according to the present invention com- 
prises a constituent unit represented by the following formula (1) and a constituent unit represented by the following 
formula (6), and optionally a constituent unit represented by the following formula (3), has a molecular weight distribution 
(Mw/Mn) of not more than 3, and has an intensity ratio of Tap to Tact4-Ta|3 {Ta|y(Taa+Tap)), as determined from 
a i^C-NMR spectrum of said copoiymer, of not more than 1 .0: 
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... (1) ... (3) ... (6) 

wherein R"^ is a hydrogen atom or a strasght-chain or branched aisphatic hydrocarbon group of 1 to 1 8 carbon atoms; 

is a hydrocarbon group; R-* is a hetero atom or a group containing a hetero atom; is a direct bond or an aliphatic 
hydrocarbon group of 1 or more carbon atoms; is a hydrogen atom, a direct bond or an aliphatic hydrocarbon group 
of 1 or more carbon atoms; Y Is a poiar group containing O and/or N; m and n are each an integer of 0 to 2, and m^n 
is not 0; s is 0 or 1; r is 0 or 1; X is a polar group selected from an alcoholic hydroxyl group, aphsnoiic hydroxy! group, 
acarboxyiicacid group, a carboxylic ester group, an acid anhydride group, an amino group, an amide group, an epoxy 
group and a mercapto group; p is an integer of 1 to 3: when p is 2 or 3, each X may be the same or different, and in 
this case, 11 r is 0, X may be bonded to the same or different atom of R^, and if r is 1 , X may be bonded to the same or 
different atom of R"^. 

[0029] The first embodiment of the process for preparing a polar group containing olefin copolymer according to the 
present invention comprises copolymerizing at least one a-olefin selected from a-olefms of 2 to 20 carbon atoms and 
at least one polar group-containing monomer selected from a polar group-containirig monomer represented by the 
following formula (7) and a polar group-containing monomer represented by the following formula (8) in the presence 
of a catalyst comprrsmg: 

(A) a compound of a transition metal selected from Group 3 (including lanthanoid and actinoid) to Group 1 0 of the 

periodic table, and 

(B) at least one compound selected from: 



30 CB-1) an orgatioaluminum oxy~compound, 

(B~2) a compound which reacts with the compound (A) to form an ion pair, and 
(B-3) an organoaluminum compound; 



CH2=CH 

(R^),— (X)p 



40 



. . . (7) 



wherein R^ is a hydrocarbon group; is a hetero atom or a group containing a hetero atom; r is 0 or 1; X is a polar 
group selected from an alcoholic hydroxyl group, a phenolic hydroxyl group^ a carboxylfc acid group, a carboxylb ester 
group, an acid anhydride group, an amino group, an amide group^ an epoxy group and a mercapto group; p is an 
integer of 1 to 3; when p is 2 or 3, each X may be the same or different, and in this case, li r is 0, X may be borrded to 
the same or different atom of R^, and if r Is 1 , X may be bonded to the same or different atom of R^; 



50 




^ - . (8) 

wherein R^ is a direct bond or an aliphatic hydrocarbon group of 1 or more carbon atoms; is a hydrogen atom, a 
direct bond or an aliphatic hydrocarbon group of 1 or more carbon atoms; Y is a polar group containing O and/or N; m 



6 

3NSDOC3D: <EP 1166619A2_I_> 



10 



15 



35 



40 



EP1 186 619 A2 

and n are each an integer of 0 to 2, and m+n is not 0; and s is 0 or 1 , 

[0030] In the first ennbodiment of the process for preparing a poiar group-containing olefin copolymer according to 
the present invention, it Is preferable that the transition nneta[ connpound (A) is represented by any oneof thefoMowing 
formulas (11), (12), (13), (14), (15) and (16) and the polar group-containing monomer is a poiar group-containmg mon- 
omer of the formula (7) wherein X is -OH or an ammo group; 




* . • (11) 

wherein \s a transition metaf atom of Group 4 of the periodic table; R^^. R^s, R27 qx\6 R28 may be the same 
or different and are each a hydrogen atom, a nitrogen-containing group, a phosphorus-containing group, a hydrocarbon 

20 group of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group, 
a sulfur-containing group, a silicon-containing group or a halogen atom; of the groups indicated by R^s^ r25 p27 ^nd 
R2S^ a part of the groups neighboring with each other may be bonded to form a ring together with carbon atoms to 
which those groups are bonded; and X^ nnay be the same or different and are each a hydrocarbon group of 1 to 20 
carbon atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group, a ^u!fur-con- 

23 taining group, a silicon-containing group, a liydrogen atom or a halogen atom; and Yl is a divalent hydrocarton group 
of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon group of 1 to 20 carbon atoms, a divalent sHlcon-containing 
group, a divalent germanium-containing group, a divalent tin-containing group. -0-, -CO-, -S-, -SO-, -SO2-, -Ge-, -Sn-, 
-NR21. -P(R21)-, -P(0)(R21)-, -BR21- or -AiR2i- (each R^i may be the same or different and is a hydrocarbon group 
of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, a hydrogen atom, a halogen atom 

so or a nitrogen compound residue in which one or two hydrocarbon groups of 1 to 20 carbon atoms are bonded to the 
nitrogen atom); 



z' ^y' 



/ / 



■ . (12) 



wherein W rs a transition metal atom seiected from Group 4 of the periodic table; Op is a cyclopentadienyl group or 
rts derivative that is jr-bonded to M"*; is a ligand containing an oxygen atom, a suffur atom, a boron atom or an 
element of Group 1 4 of the periodic table; Y'' is a figand containing an atom selected from a nitrogen atom, a phosphorus 
45 atom, an oxygen atom and a sulfur atom ; and each may be the same or different and is a hydrogen atom, a halogen 
atom, a hydrocarbon group which has 20 or less cahDon atoms and may contain 1 or more double bonds, a stiyi group 
containing 20 or less silicon atoms, a gennyi groupcontaining 20 or iess gennanium atoms or a boronyi group containing 
20 or less boron atoms; 

50 
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10 




, . . (13) 



wherein M"' is a transition metal atonn selected from Group 4 of the periodic table; R^^ to R"""*, R"''^ to R^o, and 
R41 may be the same or different and are each a hydrocarbon group of 1 to 40 carbon atoms, a haiogenated hydrocarbon 

^5 group of 1 to 40 carbon atonns, an oxygen-contaming group, a sulfur-containing group, a silicon-containing group, a 
halogen atom or a hydrogen atom; of the groups indicated by R'^^ R^2 r13 pi4 ^17 pis r19 r20 and R^^ a part of 
the groups neighboring with each other may be bonded to form a ring together with carbon atoms to which those groups 
are bonded (except a case where all of R^^ R''^, R13 r14 pi?^ pi8^ p^is r20 ^^^j p4i hydrogen atoms and a case 
where R^^ or R^s is a tert-butyl group and the residual R"""^, R^^^ r13^ pi4^ pi7^ pi$^ P|19^ r20 p^4i hydrogen 

^0 atoms); and may be same or different and are each a hydrocarbon group of 1 to 20 carbon atoms, a halo- 
genated hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group, a suffur-containing group, a silicon- 
containing group, a hydrogen atom or a halogen atom; and Y*i is a divalent hydrocarbon group of 1 to 20 carbon atoms, 
a divalent haiogenated hydrocarbon group of 1 to 20 carbon atoms, a divalent silicon-containing group, a divalent 
germanium-containing group, a divalent tin-containing group, -CO-, ~S-, -SO-, -SO2-, -Ge-, -Sn-, -NR^i-, -P(R2i)^, 

25 'P(0)(R21)-, or -AtR2^- (each R^"" may be the same or different and is a hydrocarbon group of 1 to 20 carbon 

atoms, a haiogenated hydrocarbon group of 1 to 20 carbon atoms, a hydrogen atom, a halogen atom or a nitrogen 
compound residue in which one or two hydrocarbon groups of 1 to 20 carbon atoms are bonded to the nitrogen atom); 




. . . (14) 



40 



wherein M"' is a transition metaf atom selected from Group 4 of the periodic table; R^i, R^^ p4i and R'^^ may be the 
same or different and are each a hydrocarbon group of 1 to 40 carbon atoms, a haiogenated hydrocarbon group of 1 
to 40 carbon atoms, an oxygen-containing group, a sulfur-containing group, a silicon-containing group, a halogen atom 
or a hydrogen atom; of the groups indicated by R^"', R^2^ ^^41 ^^^^ p42 apart of the groups nelghbormg with each other 
may be bonded to form a ring together with carbon atoms to which those groups are bonded; X"> and may be the 
same or different and are each a hydrocarbon group of 1 to 20 carbon atoms, a haiogenated hydrocarbon group of 1 
to 20 carbon atoms, an oxygen-containing group, a sulfur-containing group, a sHicon-containing group, a hydrogen 
atom or a halogen atom; and Is a divalent hydrocarbon group of 1 to 20 carbon atoms (when all of R"*'', R^^^ p4i 
and R^2 a^e hydrogen atoms, Is not ethylene), a divalent haiogenated hydrocarbon group of 1 to 20 carbon atoms, 
a divalent silicon-containing group, a divalent germanium-containing group, a d^valent tin-containing group, -0-, -CO-, 
-S-, -S0-,-S02-, -Ge-, -Sn-, -NR21-, -P(R2i),^ .p(0)(B2i)_^ -BR^i-or -AIR21- (each R21 may be the same or different 
and is a hydrocarbon group of 1 to 20 carbon atoms, a haiogenated hydrocarbon group of 1 to 20 carbon atoms, a 
hydrogen atom, a halogen atom or a nitrogen compound residue in which one or two hydrocarbon groups of 1 to 20 
carbon atomss are bonded to the nitrogen atom); 
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. . . (15) 



wherein is a transition metal atom seiected from Group 4 of the periodic table; R^^ and R^^ may be the same or 
different and are each a hydrocarbon group of 1 to 40 carbon atoms, a haiogenated hydrocarbon group of 1 to 40 
carbon atoms, an oxygen-containing group, a sulfur-containing group, a silicon-containing group, a halogen atom or 
a hydrogen atom; of the groups indicated by R'^"' and R'^^^ ^ parL of the groups neighboring with each other may be 
bonded to form a ring together with carbon atoms to which those groups are bonded; X*" and may be the same or 
different and are each a hydrocarbon group of 1 to 20 carbon atoms, a haiogenated hydrocarbon group of 1 to 20 
carbon atoms, an oxygen-containing group, a sulfur-containing group, a silicon-containmg group, a hydrogen atom or 
a halogen atom; and Y"* is a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent haiogenated hydrocarbon 
group of 1 to 20 carbon atoms, a divalent silicon-containing group, a divalent germanium-containrng group, a divalent 
tin-containing group, -O-, -CO-, -S-, -SO-, -SO2-. -Ge-, -Sn-, -NR21-, -P(R21). .p(o)(R2l)-^ -SR21- or -AfR2i- (each R2i 
may be the same or different and Is a hydrocarbon group of 1 to 20 carbon atoms, a haiogenated hydrocarbon group 
of 1 to 20 carbon atoms, a hydrogen atom, a halogen atom or a nitrogen compound residue m which one or two 
hydrocarbon groups of 1 to 20 carbon atoms are bonded to the nitrogen atom); 



30 
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. • . (16) 



wherein M"" is a transition metal atom selected from Group 4 of the periodic tab^e; R^^ R''^^ Ris to R20^ and R^^ ,^ay 

40 be the same or different and are each a hydrocarbon group of 1 to 40 carbon atoms, a haiogenated hydrocarbon group 
of 1 to 40 carbon atoms, an oxygen-containing group, a sulfur-contahing group, a siHcon-containing group, a halogen 
atom or a hydrogen atom; of the groups indicated by R^^ R"'^, ris^ r16^ ri7^ r18^ r19^ R20andR^2 ^ part of the groups 
neighboring with each other may be bonded to form a ring together with carbon atoms to which those groups are 
bonded; X'^ and X^ may be the same or different and are each a hydrocarbon group of 1 to 20 carbon atoms, a hafo- 

45 genated hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group, a suffyr-containing group, a silicon- 
containmg group, a hydrogen atom or a halogen atom: and V Is adivaient hydrocarbon group of 1 to 20 carbon atoms 
(when all of R^"^. W^, H^^, R^s, R17, RI8 R19^ p^20 r42 are hydrogen atoms, is not ethylene), a divalent haio- 
genated hydrocartDon group of 1 to 20 carbon atoms, a divalent silicon-containing group, a divalent germanium-con- 
taining group, a divalent tin-containing group, -0-, -CO-, -S-, -S0-,-S02-; -Ge-, -Sn-, -NR^^-, .p(f{2^y^ -P(0)(R21)-, 

so -BR^'^-or -AIR^"^- (each R^^ may be the same or different and \s a hydrocarbon group of 1 to 20 carbon atoms, a 
haiogenated hydrocarbon group of 1 to 20 carbon atoms, a hydrogen atom, a halogen atom or a nitrogen compound 
residue in which one or two hydrocarbon groups of 1 to 20 carbon atoms are bonded to the nitrogen atom). 
[0031] In the first embodiment of the process for preparing a polar group-containing olefin copolymer according to 
the present invention, it is preferable that the transition metal compound (A) is represented by any one of the above 

55 formulas (1 1 ), (12), (1 3), (1 4), (1 5) and (16) and the poiar group-containing monomer Is a polar group-containing mon- 
omer of the above formula (7) wherein X is -NR'R" (R' and R" may be the same or different and are each a hydrogen 
atom or an alkyi group), 

[0032] The second embodiment of the process for preparing a polar group-containing olefin copolymer according to 
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the present Invention comprises copolymerizing at least one a-olef in seiected from a-olefins of 2 to 20 camon atoms 
and at least one polar group-containing monomer selected from a polar group-containing monomer represented by 

the tollowmg formula (7), a polar group-containrng monomer represented by the following formula (8) and a macrcm- 
onomer represented by the following formula (9) in the presence of a catalyst comprising: 

(A) a compound of a transition metal selected from Group 3 (including lanthanoid and actinoid) to Group 1 0 of the 
periodic table, and 

(B) at least one compound seiected from: 



(B-1 ) an organoaluminum oxy-compound, 

(B-2) a compound which reacts with the compound (A) to form an Ion pair, and 
(B-3) an organoaluminum compound; 

CH2==CH 

f 

(WLH-R^)r-4-0-Z)p - ' (9) 



wherein is a hydrocarbon group; is a hetero atom or a group containing a hetero atom; r is 0 or 1 ; Z is a polymer 
segment obtained by any one of anionic polymerization, ring-opensng polymerization and polycondensation; W is a 
hydroxyl group or an epoxy group; p is an integer of 1 to 3, q is 0, 1 or 2, and p+q < 3; when p is 2 or 3, each -O-Z may 
be the same or different, and in this case, If r is 0, -O-Z may be bonded to the same or diHerent atom of R^, and If r is 
1 , -O-Z may be bonded to the same or different atom of R^; when q is 2, each W may be the same or different, and in 
this case, If r Is 0, W may be bonded to the same or different atom of R^, and if r is 1 , W may be bonded to the same 
or different atom of R^; and m case of p>1 and q>1 , if r is 0, W and -0~Z may be each bonded to the same or different 
atom of R5, and if r is 1 W and -O-^Z may be each bonded to the same or different atom of R^. 
[0033] The third embodiment of the process for preparing a branched type polar group-containing olefin copolymer 
according to the present invention comprises copolymerizing at least one olefin selected from a-oiefrns of 2 to 20 
carbon atoms, a potar group-containing monomer represented by the follow!ng formula (10), and optionally, a polar 
group-containing monomer represented by the above formula (8) In the presence of a catalyst comprising: 



(A) a compound of a transition metal seiected from Group 3 (Including lanthanoid and actmoid) to Group 10 of the 
periodic tabfe, and 

{B) at least one compound selected from: 



(B-1) an organoaluminum oxy-compound, 

(B-2) a compound which reacts with the compound (A) to fonn an ion pair and 
(B-3) an organoalummum compound, 

and then conductlr^g any one of the foNowing steps (1) and (ii); 

45 

I. ... (10) 

so (R°)m-(W), 



wherein R^ is a hydrocarbon group: R^ is a hetero atom or a group containing a hetero atom; m is 0 or 1 ; W is a hydroxyl 
group or an epoxy group; n Is an integer of 1 to 3; and when n is 2 or 3. each W may be the same or different, and in 
this case, if m is 0, W may be bonded to the same or dllferent atom of R^, and if m is 1 , W may be bonded to the same 
or dfHerent atom of R^; 

(i) from the W portion of the copolymerized polar group-contalning monomer, a Z portion is formed by anionic 
polymerizatioo, ring-opening polymerization or polycondensation; 
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(ii) the W portion of the copolymerized polargroup-containing monomer is aHowedto react with a terminal functlonaf 
group of a polymer obtained by anionic polymerization, ring-opening polymerization and polycondensation, 

[0034] The thermoplastic resin composttion according to the present invention contains the potar group-containing 
5 olefin copolymer. 

[0035] The adhesive resin according to the present invention comprises the polar group-containing olefin copolymer 
or the thermoplastic resin composition. 

[CH)36] The compatlbinzing agent acxjording to the present invention comprises the polar group-containing olefin co- 
polymer or the thermoplastic resin composition. 
^0 [0037] The resin modifier according to the present invention comprises the pofar group-containing olefin copolymer 
or the thermoplastic resin composition. 

[0038] The filler dispersant according to the present invention comprises the polar group-containing olefin copolymer 
or the thermoplasdc resin composition. 

[0039] The dispersant according to the present invention comprises the polar group-containing olefin copolymer or 
^5 the thermoplastb resin composition. 

[0040] The film or the sheet according to the invention compnses the polar group-containing olefin copolymer or the 
thermoplastic resin composition. 
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DETAILED DESCRIPTION OF THE INVENTtON 

[0041] The polar group-containing olefin copolymer, the process for preparing the copoSymer, the thermoplastic resin 
composition containing the copolymer and their uses according to the Invention are described In detail hereinafter 

Polar group-contalrirng olefin copolymer 

[0042] The first embodiment of the poiar group-containing olefin copolymer of the invention comprises a constltoent 
unit represented by the following formula (1) (also referred to as a "constituent unit (1)** hereinafter), a constituent unit 
represented by the following formula (2) {also referred to as a "constituent unit (2)" hereinafter) and a constituent unit 
represented by the following formula (3) {also referred to as a ^constituent unit (3)" hereinafter). 

— CH2-CH— 



R 



..(1) 



(2) 
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— CH2-CH- 



10 



{R^) — (X)p 



. • > (3) 



[0043] In the above formulas, R"* and may be the same or different and are each a hydrogen atom or a straight- 
chain or branched aiiphatic hydrocarbon group of 1 to 1 B carbon atoms. 

[0044] Examples of the straight-chain or branched aliphatic hydrocarbon groups of 1 to 18 carbon atoms Include 
methyl, ethyl, n-propyl, isopropyl, 2-methylpropyi, n-butyL isobutyl, sec-butyl, tert-buty 1, 1 ,1-dimethylpropyl,2,2-dlmeth- 
^5' yipropyj, penty!, neopentyl, n-hexyl, 1-ethyl-1-m©thylpropyl, 1 ,1 -diethylpropyl 2-ethyihexyl, octyl, decyl and dodscyf. 
Of these, preferable are hydrocarbon groups of 1 to 10 carbon atoms, particularly 1 to 6 carbon atoms. 
[0045] R3 Is a hydrocarbon group, such as a saturated or unsaturated aiiphatjc hydrocarbon group, an a^icyclic hy- 
drocarbon group or an aromatic hydrocarbon group. 

[0046] The saturated or unsaturated hydrocarbon group is, for example, a straight-chain or branched hydrocarbon 
20 group of 1 to 20 carbon atoms, and examples thereof Include methylene, ethylene, trlmethylene. methylethylene, te- 
tramethylene, methyltrimethylene, pentamethylene, hexamethyfene, heptamethylene, octamethylene, nonamethyl- 
ene, decamethylene, undecamethylene, dodecamethyiene, tetradecamethylene, pentadecamethyiene, hexadecame- 
thylene, heptadecamethylene, octadecamethyiene, nonadecamethylene and eicosamethylene. 
[0047] The alicyclic hydrocarbon group is preferably a group having an alicyclic structure as a part of its structure 
25 and having 3 to 20 carbon atoms, and examples thereof Include cyclop ropyfene, cyclopentylene, cyclohexylene and 
cyclooctylene. 

[0048] The aromatic hydrocarbon group is preferably a group having an aromatic ring as a part of its structure and 
having 6 to 20 carbon atoms, and examples thereof include -Ph-, -Ph-CH2-, -Ph-(CH2)2-, "Ph-(CH2)3-, •'Ph-'(CH2)6-. 
-Ph-(CH2)^o-, ^Ph^(GH2)^^-, -Ph-(CH2)i2' -Ph-(CH2)^4-. 
^0 [0049] When r is 1 and R'^ is bonded to R^, the valence of R^ is 2. When r Is 0 and each X of p Is bonded to R^, the 

valence of is p-f 1 . 

[0050] R"* is a hetero atom or a group containing a hetero atom. 

[0051] The hetero atom Is, for example, an oxygen atom, a nitrogen atom or a sulfur atom, preferably an oxygen 
atom or a nitrogen atom. 

35 [0052] The group containing a hetero atom Is, for example, a group containing an oxygen atom, a nitrogen atom or 
a sutfur atom, and examples thereof include -0-, -C(~0)-, -C(=0)0-, -0C(=O)O-, -C(=0)NH-, -NH-, 



(tertiary amine), -S-, and aliphatic, alicyclic or aromatic hydrocarbon groups containing these groups. 

[0053] Specif tcaHy, there can be mentioned such structures as exemplified with respect to the later-described porar 

group-containing monomers. 

[0054] The hetero atom in R^ or the carbon atom to which the hetero atom Is bonded is preferably bonded to R^, 

and examples of such structures include -RS-O^R-X, -R3-C(-0)-R-X. -R3-C(=:^0)0-R-X, -R3-0C(=0)0-R-X, -R^-C(=0) 
Nii-R-X and -R^-S-R-X (R is methylene, phenyiene or cyciohexyiene). 

[0055] When R"^ contains a carbon atom, the number of carbon atoms to form R"^ is in the range of preferably 1 to 
20, more preferably 1 to 10, particularly preferably 1 to 5. 

[0056] r is 0 or 1 . When r is 0, X is bonded to any one of carbon atoms for forming R^. When r is 1 , X is bonded to 

any one of carbon atoms forforming R^. 

[0057] X is a polar group selected from an alcoholic hydroxyl group, a phenolic hydroxyl group, a carboxylic acid 
group, a carboxylic ester group, an acid anhydride group, an amino group {primary, secondary and tertiary), an amide 
group, an epoxy group and a mercapto group. 

[0058] When X fs an alcoholic hydroxyl group, the poiar group-containing olefin copolymer is excellent in coating 
properties, surface hydrophillc properties {antl-fogging properties), antistatic propertres, adhesion properties to polar 
resins (urethane resin, epoxy resin, etc.), filler dispersibility, moisture absorption properties, gas barrier properties (In 
case of high content), water absorpHon properties (in case of high content of alcoholic hydroxy! group), dispersibiiity 
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In water and oil resistance (in case of high content of alcoholic hydroxyl group). 

[0059] When X is a phenolic hydroxyl group, the polar group-containing olefin copolymer is excellent in adhesion 
properties to polar resins (aromatk:i polymer^ phenolic resin, etc.) and compatibiHty with polar resins (aromatic polymer, 
phenolic resin ^ etc.). 

5 [QQ60] When X Is a carboxyl group, Ihe polar group-containing olefin copolynner Is excellent In adhesion properties 
to metals, dispersibility In water (particularly In case of metallic salt), pigment dispersibihty, filler dispersibiiity and oil 
resistance (in case of high content of carboxyl group). 

[0061] When X is a carboxylic ester group, the polar groupKJontalning olefin copolymer Is excellent in adhesion 
properties to poiar resins (nylon, EVOH, etc.). compatibility with polar resins (nylon, EVOH, etc.) ar\d surface hydrophllic 
10 properties. 

[0062] When X is an epoxy group, the poiar group-containing olefin copolymer is excellent in adhesion properties to 
metals, adhesion properties to polar resins (polyester, epoxy resin, nylon, EVOH, urea resin, etc.), compatibility with 
polar resins (polyester, epoxy resin, nylon, EVOH, urea resin, etc.), pigment dispersibiHty and coating properties. 
[0063] When X is an acid anhydride group, the polar group-containing olefin copolymer is excellent in adhesion 
15 properties to metals, adhesion properties to polar resins (nylon, EVOH, polyester etc.), compatibility with polar resins 
(nylon, EVOH, polyester, etc.), pigment dispersibiiity, filler dispersibiiity and dispersibiiity in water (particularly in case 
of metallic salt). 

[D064] When X is an amino ^roup, the polar group<:ontaining olefin copolymer is excellent in adhesion properties 
to polar resins (epoxy resin, poiyketone, polyurethane, etc.), coating properties, antifungal properties (in case of am- 
20 monium salt), ion exchange properties (in case of ammonium salt), surface hydrophilic properties (particularly in case 
of ammonium salt), antistatic properties (particularly in case of ammonium salt), pigment dispersibiiity and filler dis- 
persibiiity (particularly in case of ammonium salt). 

[0065] When X fs an amide group, the polar group-containing olefin copolymer Is excelient in adhesion properties 
to polyamide and compatibility with polyamide, 
2S [0066] When X is a mercapto group, the polar group-containing olefin copolymer is excellent in adhesion properties 
to rear periodic transition metals such as Fe, Cy, Co, Ni, Cd and Zn, compatbility with poiyamide and polyester, and 
adhesion properties to polyamide and polyester. 

[0067] p is an integer of 1 to 3, and when p is 2 or 3, each X may be the same or different. When p is 2 or 3 and r Is 
0, X may be bonded to the same or different atom of R^, and when p is 2 or 3 and r Is 1 , X may be bonded to the same 
30 or different atom of R'^. 

[00681 1^ ^he polar group-containing olefm copolymer of the invention, the constituent unit (1), the constituent unit 
(2) and the constjtuent unit (3) are bonded usuaNy at random. 

Composition of copolymer 

35 

[0069] In the polar group-contaming olefin copolymer of the invention, the molar ratio ((1)+(2):(3)) between the total 
of the constituent unit (1) and the constituent unit (2), and the constituent unit (3) is in the range of usually 99.99:0.01 
to 0.01 :99.99, preferably 99.95:0,05 to 1 0:90, more preferably 99.9:0.1 to 30:70. 

[0070] The moiar ratio ((1): (2)) between the constituent unit (1) and the constituent unit (2) is in the range of usually 
40 99.99:0.01 to 0.01 :99.99, preferably 99:1 to 1 :99, more preferably 90:10 to 10:90. 

[0071 ] The polar group-containing olefin copolymer of the invention may contain two or more kinds of the constituent 
units (1), may contain two or more kinds of the constituent units (2), and may contain two or more kinds of the constituent 
units (3). 

^ Other copolymerizable components 

[0072] The polar group-containing olefin copolymer of the invention may contain constituent units other than the 
constituent unit (1), the constituent unit (2) and the constituent unit (3), within limits not detrimental to the objects of 
the present invention. 

50 [0073] Examples of the constituent units which may be contained include constituent units derived from cyclic olefins 
other than the polar group-containing monomer represented by the formula (8), non-conjugated polyenes, hydroxyl 
group-containing ethylenically unsaturated compounds, amino group^containing ethylenically unsaturated compounds, 
epoxy group-containing ethylenically unsaturated compounds, aromatic vinyl compounds, unsaturated carboxylic acids 
and their derivatives, vinyl ester compounds, and vinyl chloride. 

55 [0074] Wher^ these constituent units are contained, the amount thereof is not more than 30 mol %, preferably not 
more than 20 mol %, more preferabiy not more than 1 0 mol %, based on all constituent units to constitute the polar 
group-containing olefin copolymer. 
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Properties of copolymer 

[0075] The weight-average moiecujar weight (Mw) of the polar group-containing olefin copolymer of the invention is 
in the range of usually 500 to 2,000,000, preferably 800 to 1.600,000, more preferably 1,000 to 1,300,000, and the 
mofecujar weight distribution (Mw/Mn) thereof is lisualiy not more than 3, preferably not more than 2.8, more preferably 
nol more than 2.7- 

[0076] When the molecular weight distribution (Mw/Mn) Is noL more than 3, the polar group-containing olefin copol- 
ymer is exceHent in orientation of the polar groups toward the interface between said copolymer and a polar material 
and has excellent adhesion properties to a polar material and excellent compatibility with a polar material 
[0077] The Mw and Mw/Mn were determined from data obtained by the measurement at 140^C in an orthodlch^o- 
robenzene solvent using GPC (gel permeation chromatography). 

[0078] The intensity ratio (Tap/(Taai Tap)) of Tocp to Tota+Tccj^ in the "'^C-NMR spectrum of the polar group-con- 
taining olefin copolymer is not more than 1 .0, preferably not more than 0.8, more preferably not more than 0.5. 
[0079] When the Intensity ratio (Tap/(Tota-4-Ta|5)) is not more than 1 .0, the polar group-containing olefin copolymer 
is excellent in orientation of the polar groups toward the interface between said copolymer and a polar material. 
[0080] Taa and Ta|i in the "^^C-NMR spectrum are each a peak intensity of CH2 present in the constituent unit derived 
from an a-olefin of 4 or more carbon atoms, and as shown below, they mean two kinds of CHg different in the position 
to the tertiary carbon. 



20 

R R 
I I 

H H2 H2 H 

25 



Taa 



R R 
I 

~" C w C ""-^ C 
H2 H H2 H 



TaJJ 

[0081] The Toc^/{TaaiTap) intensity ratio can be determined in the following manner. 

[0082] A "^^C-NMR spectrum of the polar group-containing olefin copolymer is measured by the use of, for example, 
a Japan Electron Optics Laboratory JEOL-GX270 NMR measuring device. The measurement is made using a mixed 
solution of hexachlorobutadienG/de-benzene (2/1 , by volume) having a sample concentration of 5 weight % under the 
conditions of 67.8 MHz, 25°C and de-benzene as a standard (1 28 ppm). The "'^c-NMR spectrum measured is analyzed 
in accordance with the proposals by Lindemann Adams (Analysis Chemistry 43, p. 1245 (1971)) and J.C, Randall 
(Review Macromolecular Chemistry Physics. 029, 201 (1939)) to detemnine the Tap/(Taa4-Ta|3) intensity ratio. 
[0083] Examples of the polar group-containing olefin copolymer according to the first embodiment of the invention 
Include the following polar group-contaming olefin copolymers (I) to (Vi). 

Polar group-containing olefin copolymer (1) 

[0084] In the polar group-containing olefin copolymer (I), it is preferable that in the formula (1) and R2 in the 
formula (2) are each a hydrogen atom or a methyl group and R"^ and R2 are the same as each other. 
[0085] In the pofar group-containing olefin copolymer (i), a preferred combination of the constituent unit (1), the 
constituent unit (2) and the constituent unit (3) is, for example, a combination of a constituent unit selected from ex- 
amples of the constituent units (1 ) shown in Table 1 and a constituent unit selected from examples of the constituent 
units (3) shown in Table 1, Specific examples of such combinations include combinations of 1-A, 1-B. 1-C, 1-D. 1-E. 
1-F. 1-G, 1-H, 1-1, 1-J, I^K. 1"U I^M, 2-A, 2-B, 2-C, 2-D, 2-E, 2-R 2-G, 2-H, 2-1. 2-J, 2-K, 2-L and Z-U. 
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[0086] The above combinations are those wherein R"* and are the same as each other, and the cor\strtuent units 

(1) include the constituent units (2), 

[0087] In the above-mentioned combination examples, numerals indicate examples of the constituent units {1), and 
Gipiiabets indicate examples of the constituent units {3), 

5 
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Table 1 



No. 


Constituent unit 
( 1 ) 


No. 




1 


—CHz-CH— 
1 

14 


A 


CH2-CH 

1 

HO-C-C-CHs 
Ha H2 


2 


CH2--CH 

1 


B 


— CH2— CH — 
1 

HO-C-i CH2 feCH, 
"2 






C 


— CHj-CH— 
1 

HO— C-i; CH2 feCH, 

H2 






D 


— CH2~CH— 
HO-C-( CH2 k-CH, 






E 


— CHj— CH — 
1 

HO-C-< CH2 fe CHa 
H2 






F 


— CH,— CH — 
i 

HOOC-C-C-CHs 
H2 H2 






G 


— CH2— CH — 
1 

HOOC— C-( CH, kCH, 
Ha ^ 






H 


— CHz-CH— 
1 

HOOC— C-(CH2)6CH2 
H2 






I 


— CHo— CH — 
1 

HOOC-C^ CH2 biCHz 


_ ...1 




J 


— CHa-CH— 

1 CH-(CH2)5CH2 
H2C 
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K 


A^CH2 — CH2-CH— 
0, 1 H H 1 
V-C^-c— C=C-C-C-CH2 

0 "2 "2 H2 






L 


P^QHi — CH2-CH— 
0 1 , .1 

V-- c H— f c— c= c4- CH, 
o-.c ^Ha H H /4 






M : 


— CHj— CH — 

HO— <^ %>_0-c-( CH2 ^jCHa 



50 

[0088] The polar group-containing olefin copolymer (I) according to the invention Is excellent in adiiesion properties 
to polar materials such as nnetais and polar resins, compatibility and flexibility 

Polar group-containing olefin copolymer (M) 

25 

[0089] In the polar group-containing olefin copolymer (li). R1 in the formula (1 ) and R2 fn the formula (2) are different 

from each other. 

[0090] In the poiar group-containing olefin copolymer (II), a preferred combination of the constituent unit (1), the 
constituent unrt (2) and the constituent unit (3) is, for example, a combination of a constituent unit selected from ex- 

5£? amples of the constituent units (1 ) and the constituent units (2) shown in Table 2 and a constituent unit selected from 
examples of the constituent units (3) shown in Table 2. Specific examples of such combinations indude combinations 
of 1-A, 1-D, 1-E, 1-F. 1-H. VI. 1-J. 1 -K, 1-L, 1-IVI, 2^A, 2-C, 2-D, 2-E, 2-R 2-G. 2-H, 2-1, 2^J, 2-K. 

2-L, 2-M, 3 B, 3-C, 3-D, 3-R 3-G, 3-1, 3-J, 3-K, 3-L Z-U, 4-A, 4-B, 4-C, 4-D, 4-E, 4-F, 4-G. 4-H, 4''l, 
4-K, 4-L, 4-jyi, 5^A, 5^B, 6-C, 5-D, 5-E, 5-R 6-G, 5-H, 5-1, 5-K, 5-L, 6-A, 6-B. 6-C, 6-D. e-E^ 6-R G-G.'e-H, 6-i! 

55 6-J, 6-K, 6-L, 6-M, 7-B, 7-C, 7-D, 7-E, 7-R 7-G, 7-H, 7-L 7-J, 7-K, 7'L and 7-M. 

[0091] In the above-mentioned combination examples, numerals indbate examples of the constituent units (1) and 
(2), and alphabets indicate examples of the constituent units (3). 
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Table 2 



No. 


Constituent unit (1)s (2) 


No. 


Const i tuent un i t ( 3 ) 


1 


— CHg-CH— — CH2— CH — 

i 1 
H CH3 


A 


CH2*~CH~~ 
1 

HO-C-C-CH2 
H2 H2 


2 


— CH2-CH— — CH2-CH— 
1 i 
H H3C-CH2 


B 


— CH2— CH — 
1 

HO-~C-(CH2)5'CH2 
H2 


3 


I 1 
H H3C-C-C-CH2 
H2 H2 


C 


CH2— CH — 

1 

HO-C-(CH2%CH2 


4 


— GH2— CH— — CH2-CH — 

i H 1 
^ H3C-C-CH2 


D 


— CHj— CH — 
i 

HO— C-< CH, WCH, 
H2 


5 


1 1 

H HaC-CCHaJ^CHj 




— CH2— CH — 
1 

HO-C-( CHjJ^GHa 
"2 


6 


— CHa-CH- — CH2-CH— — CH2-CH- 

1 1 t 

H CH3 H3C~CH2 


F 


— CH,— CH — 
t 

HQOC-C-C-CH2 

H2 H2 


7 


. — CH2-CH~- CH2-CH — 

1 i 
CH3 H3C-CH2 


G 


CH2~CH"~~ 
1 

HOOC-C-^CHa^aCHz 
H2 






H 


— CH2-CH — 

1 

HOOC— C-(CH2)gCH2 
H2 






I 


— CH,— CH — 
1 

HOOC-C-<CH2)p,CH2 

rl2 






J 


— CH2— CH — 

1 

1 CH-(CH2kCH2 
H2C-^ 
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K 


/^^CH2 — CH2~CH~ 
Ox Jo H H I 

d"^ Hz H2 H2 






L 


^/^•^CH2 — CH2-CH— 

V-- CH— f C— C= C-4-CH2 
. ^Hz H H'4 






M 


— CHj—CH — 
HO— ^~^0-C-C CH2 JjQHa 



20 

[00921 \{ \s preferable that the polar groyp-contaming olefin copolymer contains no other copolymerizable com- 
ponents previously mentioned and is fornnedfrom only the constituent unit (1 ), the constituent unit (2) andthe constituent 
unit (3). Especially when X is an alcoholic hydroxyl group, a phenolic hydroxyl group or an amino group, the polar 
group-containing ofefin copolymer is particularly preferably formed from only the constituent unit (1), the constituent 
^5 unit (2) and the constituent unit (3). 

[0093] The polar group-containing olefin copolymer (II) according to the invention is excellent in adhesion properties 
to polar materials sucli as metals and polar resins, compatibility and flexibility. 

Polar group-contaming olefin copolymer (III) 

30 

[0094] In the polar group-containing olefin copolymer (III), in the formula (3) is a hydrocarbon group of 11 or more 
carbon atoms. 

[0095] In the polar group-containing olefin copolymer (III), a preferred combination of the constituent unit (1), the 
constituent unit (2) and the constituent unit (3) Is, for example, a combination of a constituent unit selected from ex- 
35 ampies of the constituent units (1) and (2) shown in Table 3 and a constituent unit selected from examples of the 
constituent units (3) shown in Table 3. Specific examples of such combinations include combinations of 1 -A, 1 -B, 1 -C, 
2-A, 2-B, 3-A, 3-B, 3-C, 4-A, 4~B, 4-C, 5-A, 5-B, 5-C, 6-A, 6-C, 7-A, 7-B, 7-C, 8-A. 8-B, 8-C, 9-A, 9-B, 9-C, 
10-A, 10-B and 10-C. 

[0096] In Table 3, by the description of one kind of a constituent unit in the column of the constituent units (1) and 
(2) is meant that and are the same as each other, and by the description of three kinds of constituent units m 
the column of the constituent units (1) and (2) is meant that two kinds of the constituent units (1) or the constituent 
units (2) are contained. 

[0097] In the dDove-mentioned combination examples, numerals indicate examples of the constituent units (1) and 
(2), and alphabets indicate examples of the constituent units (3). 

45 
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55 
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Table 3 





No. 


Constituent unit (1)^ (2) 


No. 


Constituent unit (3 ) 


5 


1 




•CH2- 


-CH— 

I 

H 




— CH2— CH — 
f 

H2 ^ 


10 








-CH— 




— CHs'^CH — 
1 




2 






1 

CH3 


B 


HOOC-C^ CH2 )r„CH2 


15 


3 




•CHz- 


-CH — 
i 

-CH2 


C 


A--CH2 — CH2-CH— 

V--CH— f G— C=C-VCH2 
Q--'^ ^ H2 H H ^ 


20 














25 


4 


— CH2^CH- 

i 

n 




CH2— CH — 

1 

CH3 






5 


— CHj— CH- 
1 

H 




CH2-CH— 

1 

H3C CH2 






30 




1 




— CH2-CH — 








6 


H 


H3C~C~C~CH2 
H2 H2 






35 




— CH2—CH- 




CH2-CH — 








7 


i 

H 




H i 

CH3 






40 


8 


! 

H 


— CH2-CH — 

H3C— ( CH2 ^4 CH2 






45 


9 


— CHz-CH— - 
1 

H 


-CH2 


-CH— — CH2-CH- 
1 i 






50 


10 


— CH2-CH- 
1 

CH3 




— CH2-CH — 
1 







[0098] n is preferable that the polar group-containing olefin copolymer contains no otiner copolymerlzable com- 
ponents previously mentioned and is formed from only the constituent unit (1 ) , the constituent unit (2) and the constituent 
unit (3). Especially when X is an alcohoHc hydroxy! group, a pherrollc hydroxyl group or an amino group, the polar 
group-containing olefin copolymer is particularly preferably formed from only the constituent unit (1), the constituent 
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unit (2) and the constituent unit (3). 

[0099] The polar group-containing olefin copolynner (111) according to the invention is excellent in adhesion properties 
to polar materials such as metals and polar resins and compatibinty. 

5 Polar group-containing olefin copolymer (IV) 

[0100] \n the polar group-containing olefin copolymer (IV), X in the formula (3) is a polar group selected from a 
phenoHc hydroxyl group, a carboxytlc ester group, an acid anhydride group, an amino group, an amide group, an epoxy 
group and a mercapto group. 

io [0101] In the polar group-containing oiefin copolymer (IV), a preferred combination of the constituent unit (1), the 
constituent unit (2) and the constituent unit (3) is, for example, a combination of a constituent unit selected from ex- 
amples of the constituent units (1 ) shown in Table 4 and a constituent unit selected from examples of the constituent 
units (3) shown In Table 4. Specific examples of such combinations include combinations of 1-B, 1-C, 1-D, 2-A, 
2-B; 2-C, 2-D, 3-A, 3-B, 3-C, 3-D, 4-A, 4^8. 4-C, A-O, S-^A, 5^8, 5-C, 6-A, S-C, 6-D, 7-A, 7-B, 7-C, 7-D, 8-A, 

IS B-B, 8-C, 8-D, 9-A, 9-B, 9-C, 9-D, 10-A, 10-B, tO-CandlO-D. 

[0102] The above combinations are those wherein and R2 are the same as each other, and the constituent units 
(1 ) include the constituent units (2). 

[0103] fn the above-mentioned combination examples, numerals indicate examples of the constituent units (1 ), and 
alphabets indicate examples of the constituent units (3). 

20 
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Table 4 



No. 


Constituent unit ( 1 ) 


No. 


Constituent unit (3) 


1 


: — CH2— CH — 
1 

i 

H 


A 


— CH2— CH — 

1 CH-( CH2 )5 CH2 
HaC"^ 


2 


— CH2— CH — 
1 

rj 


B 


/^^CH2 — CH2-CH— 
0. ' H H 1 

^j-^^^if w C — C O — 0 («in2 

O^'^ H2 H2 


3 


1 

H30*^CH2 


C 


Ox- 

— /^u CH^-^CH' — 

/ Cn2 yn 

V—CH— f-c— C=g4-CH2 

Q-^C \ H2 H H M 


4 


— CH2— CH— — CHa-CH — 
i I 

■ '."1 '.2 r ! : 


D 


CH2-CH — 

HO— ^-O-C-C CHj JjCHz 


5 


— CHz-^CH^ -^CHo— CH — 
H H3C— CH2 






6 


1 t 

H H3C**'C"~~C"^CH2 

H2 H2 






7 


'"'CHo'^CH"™" ^~"CH2 — CH — 

' H 1 
H HaC-C-CH, 
CH3 






8 


■""CHo^CH*^ CH2"~CH"*^ 

1 ! 

H H^C~i CH2 )jCH2 






g 


— CHa-CH— — CHj-CH— -CH2-CH- 
1 1 1 

H CH3 H3C"CH2 






10 


1 1 
CH3 H3C-CH2 







[0104] The polar group-containing olefin copolymer {I V) according to the invention Is excellent In adhesion properties 
to polar materials such as metals and polar resins and compatibility. 
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Polar group-containing oiefm copolymer (V) 



[0105] in the polar group-containing olefin copolymer (V). in the formula (1) and R2 in tlie formula (2) are each a 
hydrocaition group of 2 or more carbon atoms, preferably 2 to 1 8 carbon atoms, and the crystaillnity of the copolymer, 
5 as determined by X-ray diffractometry, is not less than 1 0 preferably 1 6 to 80 %, more preferably 20 to 70 %. 

[0106] The crystallinity can be measured by X-ray diffractometry (in accordance with S.L. AGGARWAL, J. Polymer 
ScL, 18,17 {1 955)) or the like. 

[0107] The stereoregularity (isotacticity) of the polar group-containing olefin copolymer (V) is usually not less than 
20 %, preferably 30 to 100 more preferably 40 to 100 %. 

^0 [0108] in the polar group-contaming olefin copolymer (V), a preferred combination of the constituent unit (1), the 
constituent unit (2) and the cortstltuent unit (3) Is, for example, a combination of a constituent unit selected from ex 
amples of the constituent units (1) shown in Tab^e 5 and a constituent unit selected from examples of the constituent 
units (3) shown In Table 5. Specific examples of such combmations include combinations of 1*A, 1-B, 1-C, 1-D, 1-E, 
1-F, 1-G. 1-H, 1-J, 1^K, 1-L 1*M, 2^A, 2-B, 2-C, 2-D, 2-E, 2-R 2-H, 2-1, 2-J, 2-K, 2^L and 2^M 

^5 [0109] The above combinations are those wherein R"^ and R^ are the same as each other, and the constituent units 
(1) include the constituent units (2). 

[01101 1^ t^o above-mentioned combination examples, numerals indicate examples of the constituent units (1), and 
alphabets indicate examples of the constituent units (3), 
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Table 5 





No: 


Constituent unit ( 1 ) 


No. 


Constituent unit (3) 


5 




— CH,— CH — 




— CH2— CH — 
1 




1 


1 

H3C"*~CH2 


A 


HO-C-C-CH2 
H2 H2 


iO 




■■ '" C H2 "~*0 H 




— CHo— CH — 






H 1 

CH3 


IS 


1 

Ho-~C-iCH2)2CH2 


15 








CH?— CH — 

1 

HO— C-{ CH2)6CH2 


20 






D 


CHo— CH — 

1 

HO— C-< CHskCHs 
H2 


25 








— CHo'^CH— 






IF* 


1 

HO— C--( CH2)9CH2 










— CH2-*CH — 


30 






F 


1 

HO0C~C-C-CH2 
H2 H2 




- 






— CH,— CH — 


35 






G 


1 

HOOC— C-( CH2 )2 CH2 
H2 










— CH2~CH — 

! 

HOOC-C-( OHzf^CHs 


40 






H 










— CH2— CH — 

HOOC— C-C CH2 iTnCH, 
H2 ^'^ 


45 






I 


50 






J 


— CH,— CH — 

9^ 1 

1 CH-eCH2)5CH2 
HjC 
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K 


/^^CH2 — CH2-CH — 
0^ ^ H H 1 

Y^CH-C— C=C~C~C-CH2 
0'' H2 H2 






1 


C^^ _CH2-CH— 

cH—fc— C= C4-CH2 
O'"'^ ^ H2 H H '4 






M 


— CH2— CH — 
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[0111] The poiar group-containing olefin copolynner (V) according to the invention is excellent In adhesion properties 
to polar matenals such as metals and polar resins, compatibility and rigidity. 

Polar group-containing olefin copolymer (VI) 

25 

[0112] In the polar group-containing olefin copolymer (VI). in the formula (1) and in the formula (2) are each 
a hydrocarbon group of 2 or more carbon atoms, preferably 2 to 1 8 carbon atoms, and the crystalltnlty of the copolymer, 
as determined by X-ray diffractometry, Is less than 1 0 %, preferably not more than 5 %, more preferably not more than 
2%. 

30 [0113] It is preferable that the polar group-containing olefin copolymer {VI) contains no other copolymerizable com- 
ponents previously mentioned and is formed from only the constituent unit (1 ), the constituent unit (2) and the constituent 
unit (3), Especially when X is an alcoholic hydroxyl group, a phenolic hydroxyl group or an amino group, the polar 
group-containing olefin copolymer is particularly preferably formed from only the constituent unit (1), the constituent 
unit (2) and the constituent unit (3). 

35 [0114| In the polar group-containing olefin copolymer (VI), a preferred combination of ihe constituent unit (1), the 
constituent unit (2) and the constituent unit (3) is, for example, a combination of a constituent unit selected from ex- 
amples of the constituent units (1) shown in Table 6 and a constituent unit selected from examples of the constituent 
units (3) shown in Table 6. Specific examples of such combinations Include combinations of 1-A, 1-B, 1-C, 1-D, 1-E, 
1-R 1^G, 1-H, iA, I^K, 1-L, 1 -M, 2--A, 2-B, 2-C, 2-D, 2-E, 2-R 2-G, 2-H, 2-1, 2^J, 2^K, 2-L and 2-M, 

40 [01 1 5] The above combinations are those wherein R"^ and R2 are the same as each other, and the constituent units 
(1) include the constituent units (2), 

[0116] in the above-mentioned combination examples, numerals Indicate examples of the constituent units (1), and 
alphabets indicate examples of the constituent units (3). 
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Table 6 



Mo. 


Constituent unit ( 1 ) 


iNo. 


Constituent unit (3) 


1 


— CHo— CH — 

1 

H3C C'^C"~CH2 
H2 H2 


A 


i 

HO-C— C-CH2 
H2 H2 


2 


— CH2— CH — 

H3C— { CH2 ^4 CH2 


B 


CH5 — CH — 

1 

HO-C-iCHj feCH, 
Hz 






C 


/^r f 1 ,, 

1 

HO-C^ CH2 )6 CH2 






D 


OH? — CH 

1 

HO— C-< CHj )7-CH2 
H2 






E 


1 

HO — C-< CH2 )g CH2 






F 


1 

HOOC-C-C-CH2 
H2 H2 






G 


1 

H2 






H 


HOOC-C-(CH2ieCH2 
H2 






I 


1 

HOOC— C-( CH2 j^qCHj 






J 


— CH2— CH — 

0^ 1 
1 CH-(CH2feCH2 
H2C 
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K 


/*^^CH2 — CH2--CH— 
0^ 1 ^ H H t 
V^CH-C— C=C-C~C-CH2 

O'" "^2 H2 Hg 






!_ 


/^~-CH2 — CH2-CH— 
CH-fC— C= C-t- CH2 






M 


CH2— CH — 

HO— /^^~"h"^ CH2 ^jCHa 



[0117] The poiar group-containing olefrn copolymer (VI) according to the invention is excellent in adhesion properties 
to polar materials such as metals and polar resins, compatibility, tackiness and flexibility. 

[0118] The second embodiment of the polar group-containing olefin copol^er of the invention is a branched type 
polar group-containing olefin copolymer comprising a constituent unit represented by the following formula (1) and a 
constituent unit represented by the following fomiula (4) (also referred to as a "constituent unit (4)), and optionally a 
constituent unit represented by the following formula (5) (also referred to as a '^constituent unit (5)). 



-CHs-CH— 



30 



35 



... (1) 

40 

— CHa-CH— 
I 

Wq-eR«),-fo-z)p 

50 

- - ■ (4) 
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"CHo-CH — 



[0119] The constituent unit represented by the formula (1) is identicat with the aforesaid constituent unit (1). 
[0120] In the formulas (4) and (6), is a hydrocarbon group, such as a saturated or unsaturated hydrocarbon group, 
an aiicyclic hydrocarbon group or an aromatic hydrocarbon group, and examples of such hydrocarbon groups InclLde 
the same groups as previously described with respect to in the formula (3). 

[0121] in the formula (4), when r is 1 and is bonded to R5, the valence of RS is 2. When r is 0 and each-O-Z of p 
or each W of q is bonded to R^, the valence of is p+q+1 . 

[0122] In the formula (5). when m is 1 and R® is bonded to R^. the valence of is 2. When m is 0 and each W of n 

is bonded to R^, the valence of R^ is n+1 . 

[0123] Although in the formula (4) and R^ in the formula (5) may be the same or different, they preferably are the 
same as each other. 

[0124] In the formuias (4) and (5), R^ is a hetero atom or a group containing a hetero atom, and examples the hetero 
atoms and the groups containing the hetero atom include the same atoms and groups as previously described with 

respect to R"^ in the formula (3). 

[0125] In the fomnula (4), the hetero atom in or the carbon atom to which the hetero atom is bonded is preferably 
bonded to RS, and examples of such structures include -R^-O-R-O-Z, -RS-C(-==0)-R-0-Z, -R^-C(^0)0-R-0-2, -RS-OC 
{=0)0-R-0-Z, -RS"C(=0)NH-R-0-Z and -RS-S-R-O-Z (R is methylene, phenylene or cyclohexylene). The above ex- 
amples are those wherein p is 1 and q is 0 in the formula (4), and the sanne shall apply to other cases. 
[0126] In the fomnula (5), the hetero atom in or the carbon atom to which the hetero atom is bonded is preferably 
bonded to R^, and examples of such structures include -R^-O-R-W, -R^-C(=^0)-R-W, -R5-C(™0)0^R-W, -RS'0C(==0) 
O-R-X, -R^-C(=0)NH-R"W and -R^-S-R-W (R is methylene, phenylene or cyclohexylene). The above examples are 
those wherern n is 1 in the formula (5), and the same shall apply to other cases. 

[0127] When R^ contains a carbon atom in the fonnufas (4) and (5), the number of carbon atoms to form R^ is tn the 

range of preferably 1 to 20, more preferably 1 to 10, particularly preferably 1 to 5. 

[0128] Although R^ in the formula (4) and in the formula (5) may be the same or different, they preferably are the 
same as each other 

[0129] In the formula (4), r is 0 or 1 . When r is OrO-Z is bonded to any one of carbon atoms for fonning RS. When r 
is 1 , -O-Z is bonded to any one of carbon atoms for forming R^. 

[0130] In the formula (5), m is 0 or 1 . When m is 0, W rs bonded to any one of carbon atoms for forming R^. When 
m Is 1 , W is bonded to any one of carbon atoms for forming R^. 

[0131] In the formula (4), Z is a polymer segment obtained by anionic polymerization, ring-opening polymerization 
or polycondensation, 

[0132] Examples of the polymer segments include segments obtained by anionic poiymerization of one or more 
monomers selected from methyl methacrylate, ethyl methacrylate. butyl acrylate. acrylonithle and acrylamide, seg- 
ments obtained by ring-opening polymerization of lactone, lactide, siloxane, lactam, cyclic ether, oxazoSine, ethylene 
oxide, propylene oxide, etc., and segments obtained by polycondensation of monomers, such as poly carboxy lie acid 
and polyhydric aicohoi, polycarboxylic acid and poiyamme, or hydroxycarboxylic add. 
[0133] Examples of polar monomers employed in formation of the polymer segment include; 

(meth)acp/yc acid esters, such as monoesters of monovalent alcohols and acrylic add or methacrylic acid, spe- 
cifically, 

methylacrylate, methylmeth aery late, ethylacrylate, propylmethacrylate, butylacrylate, 2-Gthylhexylmethacrylate, 
laurylacrylate, stearyimethacrylate, 1,1,1 ,3,3,3-hexafluoroisopropyfacrylate, 1,1,1 ,3,3,3-hexafluoroisopropylmeth- 
acrylate, 2,2,2-trifluoroethyiacrylate, 2,2,2-triffuoroethylmethacry^ate, 1 H,1H,2H,2H~heptadecafluorodecylacr- 
ylate, allylacryiate, allylmethacrylate, cycle hexylmethacryiate, glycldylacrylate, glycidylmeth aery fate, tetrahydro- 
furfurylacryiate, benzylacrylate and |i-phenylethyimethacrylate; 
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monoesters of divalent alcohols with a terminal protected by an ether linkage and acrylic acid or methacrylic acid, 
such as 2-methoxyethy!acrylate, 2-ethoxyethylmethacrylate, 2-phenoxyethylacrylate, 2-djcyclopentenyloxyethyl- 
acrylate, 1-methoxy-2-propylmethacrylate, 3-nnethoxypropylacrylate, 4-Gthoxybutylmethacrylate, 6^ethoxyhex- 
amethylacrylate, methoxydiethyleneglycolacryiale, phenoxydlpropylenegiycolmet^acrylete, ethoxytripropyieneg- 
lycolmethacjylate, ethoxypolyethyleneglycolacrylate and methoxypolypropyleneglycolmethacrylate; 
polyvalent esters of a divalent or more alcohol and acrylic acid or methacrylic acid, such as ethylenegiycoldiacr- 
ylate, ethyleneglycoldinnethacrylate, propylenegiycoidiacrylate, propyienegiycoldimethacrylate, 1 ,3-propanedioi 
dimethacrylate, 1 ,4-butanediol diacrylate, 1 ,6-hexanedio! dlmethacrylate, neopentylglycol diacryiate, neopenty[g- 
[yco! dimethacrylate, diethy^enegiycoi diacrylate, dipropyleneglycol dimethacrylate, triethylenegiycol dimethacr- 
yfate, trlpropy[eneglycoldiacry/ate, polyethyleneglyco! d^acrylate, polypropyleneglycol diacrylate, polypropyieneg- 
lycoi dimethaorylate, glycermtrlacrylate, glycorintrimethacrylate, pentaerythritoUetramethacrylate, dipentaerythri- 
tol hexaacrylate. trimethylolpropane triacrylate, poly(ethyieneoxido)triol triacrylate, po!y(propyleneoxido)triol tria- 
crylate and po!y(propy1eneoxido)triQl trirnethacrylate; 

esters of alcohols having an ester linkage and acrylic or methacrylic acid, such as 2-benzoyloxyethyl acrylate, 
2-benzoyloxyethyl nnethacrytate, 2-acstyloxy acrylate, 5-tetrahydrofurfuryloxycarbonylpentyl acrylate, 5-tetrahy- 
drofurfury^oxycarbonylpenty! methacrylate and 2,2,6,646tramethyl-4"Oxy"5-oxa-heptane-1 7-diyl-d(acrylate; 
esters of alcohols having a cyclic acetal linkage and acrylic acid or methacrylic acid, such as 2-tertia3>bLityl-1 ,3-dj- 
oxycyclopentane-2'-ylmethacrylate and 

2-tertial-butyi-5-ethyl'6-vinylcarbony[oxymethyl-1,3-dloxycyclohexane-2'(2)-ylacryfate; 

esters of oxysuccinlnrfide and acrylic or methacrylic acid, such as N-oxysucclnlmido acrylate and N-oxysuccinimido 
methacrylate; 

esters of an alcohol having a secondary amino group and acrylic add or methacrylic acid, such as 2-dimethylaml- 
noethyl acrylate and 

2-ethylpropylaminoethyi methacrylate; and 

esters of an alcohol having a cyano group and acrylic acid or methacrylic acid, such as 2-cyanoethyl acrylate and 
2 -cy an 0 p ro py I m eth ac ry late . 

[0134] Examples of (meth)acrylonitrlles include acrylonitriie and methacrylonitrile. 

[0135] Acrylamldes include acrylamide, N-monosubstituted or N,N-disubstltuted acrylamides, for example, 

acrylamide; 

N-monosubstituted acrylamides, such as N-methylacrylamide, N -ethyl acryl amide, N-p ropy lac ryiamide, N-butylacr- 
ylamide, N-octylacrylamide, N-phenyfacrylamlde, N-giycldy^acry^amide and N,N'-ethyleneblsacrylamlde; 
N,N-disubstltuted monoacrylamides, such as N,N-dimethylacrylamide, N-ethyl-N-methylacrylamide, N,N-diethy!- 
acrylamide, N,N-di-n-propy!acryiamide, N.N-dioclylacrylamide, N,N-diphenyiacry}amide, N-ethyl-N-giycidylacryla- 
mide, N,N-diglycidylacrylamide, N-methyl-N-(4-glycidylDxybutyl)aciYlamide, N-methyl-N-(5-glycidyloxypentyl)acr- 
ylamide, N-m ethyl -N-(6-glycldy}oxyhexyl)acrylam id e, N-acryloylpyrroEidine, N-acryloyi-L-prollnemethylest©n N« 
acryloylpipendine, N-acryloylmoipholine and 1 -acryloyiimidazole; and 

N,N'-disubstituted bis aery I amides, such as N,N'-diethyl-N,N'-e1:hylenebisacrylamide, N,N'-dimethyi-N,N'-hexame- 
thylenebisacrylamide and di{N,N'-ethylene)bisacrylamide> 

[01 361 Examples of vmylpyridines include vinyl- or Isopropenyi-substituted pyridines, such as 2-vinylpyridine^ 2-iso- 

propenylpyridine and 4-vinylpyridine. 

[01 37] Examples of N-substituted maleimide include: 

N-aliphatic-substituted maleimides, such as N-methylmaleimide and N~ethylmaleimido; and 
N-aromatic-substituted maleimides, such as N-phenyimafeimide and N-(4-methy}phenyl)maleimide, 

[0138] Examples of vinyl ketones include: methyl vinyl ketone, isopropenyl methyl ketorie, ethyl vinyl ketone, ethyl 
isopropenyi ketone, butyl vinyl ketone and phenyl vinyl ketone. 

[0139] Examples of styrene derivatives Include: p-methoxycarbonyl styrene, p-tertlary-butoxycarbonyl styrene and 
p-cyano styrene. 

[0140] Examples of the polar monomer include alkylene oxide compounds, for example, epoxy compounds, such 
as ethylene oxide, propylene oxide, 1 ,2-butylGne oxide, 2,3-butylene oxide, styrene oxide, cyclohexene oxide, epichio- 
rohydrln, epibromohydrin, methyiglycidylether, allylglycidylether and phenylglycidylether Of these, preferable are eth- 
ylene oxide, propylene oxide, 1 ,2-bytySene oxide and styrene oxide. Highly preferable are propylene oxide and ethylene 
oxide. Propylene oxide Is extremely preferred. 

[0141] Of these, preferable are potymer segments obtained by anionic polymerization of (meth)acrylic esters and 
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polymer segments obtained by ring-opening poiymerlzation of ethylene oxide or propylene oxide. 

[0142] There \s no specific linaitation on the molecular weight of the pofymer segment, and for example, the weight- 

average molecular weight Is in the range of 200 to 1 ,000,000, preferably 500 to 100,000. 

[0143] When Z is polyethylene oxide or polypropylene oxide, the polar group™containmg olefin copolymer is excellent 
in coating properties, surface hydrophjiic properties (anti-fogging properties), antistatic properties, adriesion properties 
to polar resins (urethane resin, epoxy resin, etc.), compatibility with the polar resins, moisture absorption properties, 
water absorption properties (in case of high content of Z), dispersibliity in water and oH resistance (in case of high 
content of Z). 

[0144] When Z is PMMA, the polar group-containing olefin copolynner is excellent in surface hardness, adhesion 
properties to metals, pigment dispersibitity, filler dispersibility, oil resistance (in case of high content of Z), adhesion 
properties to polar resins (acrylic resin, nylon, EVOH, etc) and compatibility with the polar resins. 
[0145] When Z is polyacrylonitrile or polyacrylamjde, the polar group -containing olefin copolymer Is excellent in sur- 
face hardness, surface hydrophi lie properties (antj-fogging properties), antistatic properties, coating properties, adhe- 
sion properties to metals, adhesion properties to polar resins (polyacrylonitrile, poiyacrylamide, polyamide, polyester, 
etc.), compatibtllty with the polar resins, dispersibility in water, biocompatlbillty, stimulation response, moisture absorp- 
tion properties and water absorption properties. 

[0146] When Z is poiyethylmethacryiate or polybuTyl acrylate. the polar group-containing olefin copolymer isexcellent 
in adhesion properties to metals, adhesion properties to polar resins (acrylic resin, nylon. EVOH. etc.), compatibility 
with the polar resins and oil resistance. 

[0147] When Z is polyamide (inciuding ring-opening polymer of lactam), the potar group-containing olefin copolymer 
is excellent rn adhesion properties to polar resins (polyamide, etc.), compatibility with the polar resins, gas barrier 

properties and oil resistar^ce. 

[0148] When Z Is polyester (including ring-opening polymer of lactam), the polar group-containing olefin copolymer 
is excellent m adhesion properties to polar resins (polyester, etc.), compatibility with the polar resins and gas barrier 
properties. 

[0149] In the formula (4), p is an integer of 1 to 3, and when p is 2 or 3, each -O-Z may be the same or different. 
When p is 2 or 3 and r is 0, -O-Z may be bonded to tfie same or different atom of R^. When p is 2 or 3 and r Is 1 . -O-Z 
may be bonded to the same or different atom of R^. 

[0150] In the formulas (4) and (5), W is a hydroxyl group or an epoxy group. 

[0151 1 Although W in the formula (4) and W in the formula (5) may be the same or different, they are preferably the 
same as each other. 

[0152] In the formula (4), q is 0, 1 or 2, and when q is2, each W may be the same or different. When q is 2 and r is 
0, W may be bonded to the same or different atom of RS. When q is 2 and r is 1 , W may be bonded to the same or 
different atom of R®. 

[0153] In case of p>1 and q>1, when r Is 0, W and -O-Z may be each bonded to the same or different atom of R^, 
and when r Is 1 , W and -O-Z may be each bonded to the same or different atom of R®, and 

p-^q < 3. 

[0154] In the formula (5), n is an integer of 1 to 3, and when n is 2 or 3, each W may be the same or different When 
n is 2 or 3 and m is 0, W may be bonded to the same or different atom of R^. When n is 2 or 3 and m is 1 , W may be 
bonded to the same or different atom of R^. 

[0155] In the second embodiment of the polar group-containing olefin copolymer of the invention, the constituent 
unit (1), the constituent unit (4), and optionally, the constituent unit (5) are bonded usually at random. 

Composition of copolymer 

[0156] In the second embodiment of the polar group-containing olefin copolymer of the invention, the mofar ratio 
((1);(4)-f(5)) between the constituent unit (1) and the total of the constituent unit (4) and the constituent un^t (5) Is in 
the range of usually 99.99:0.01 to 0.01 :99,99, preferably 99.95:0.05 to 10:90, more preferably 99.9:0.1 to 30:70. The 
molar ratio ((4):(5)) between the constituent unit {4} and the constituent unit (6) Is m the range of usually 1 00:0 to 0.01 : 
99.99, preferably 100:0 to 1 :99, more preferably 100:0 to 10:90. 

[0157] The second embodiment of the polar group-containing olefin copolymer of the invention may contain two or 
more kinds of the constituent units (1), may contain two or more kinds of the constituent units (4), and may contain 
two or more kinds of the constituent units (5). 

[0158] In the present invention, a preferred combination of the constituent unit (1), the constituent unit (4) and the 
constituent unit (5) Is, for example, a combination of a constituent unit selected from examples of the constituent units 
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(1) shown in Table 7, a constituent unit selected from examples of the -R5-{R6)r-0- portions and examples of the Z 
portions of constituent units (4} shown in Table 7, and a constituent unit selected from examples of the constituent 
units (5) shown in Table 7. Specific exannples of such combinations include combinations of: 

5 1-A-Zi-a, 1-A-Z2-a, 1-A-Z3-a, 1-A-Z4-a, 1-A-Z5-a, 1-A-Z6-a, 1 -A^Z7''8, 1-B-Zi-b, 1-B-Z2-b, 1-B-Z3-b, 1-B"Z4-b, 

1- B-Z5-b, 1-B-Z6-b, 1-B-Z7-b, 1 -C-Z2-C, 1-C-Z3-C, 1-C-Z4-C, 1-C-Z5-C, 1-C-Z6-C, 1-C-Z7-C, 

2- A-Z1-a, 2-A-Z2-a, 2"A-Z3-a, 2-A-Z4-a, 2-A-Z5-a, 2-A-Z6-a, 2-A-Z7-a, 2-B-Z1-b, 2-B-Z2-b, 2-B"Z3-b, 2-B-Z4-b, 

2- B-Z5-b, 2-B-Z6-b, 2^B"Z7-b, 2-C-Z1-C, 2-C-Z2-G, 2-C-Z3-^c, 2-C-Z4-C, 2-C-Z5-C, 2-C-26-C, 2-C'Z7h3, 

3- A-Z1-a, 3-A-Z2-a, 3-A-Z3-a, 3-A-Z4-a, 3-A-Z5-a, 3-A-26-a, S-A-ZZ-a, 3-B-Z1-b, 3-B-Z2-b, S-B-ZS-b, 3-B"Z4-b, 
10 3-B-Z5-b, 3-B-Z6-b, 3-B-Z7'b, 3-C-Z1-C, 3-C-Z2-C, 3-C-23-C, 3-C»Z4-c, 3-C-Z5-C, 3-C-Z6-C, S-C-ZZ-c, 

4- A-Z1-a, 4-A"Z2-a, 4-A^Z3-a, 4~A"Z4-a, 4-A-ZB~a, 4-A Ze^-a, 4-A'Z7"a, 4-B-Z1-b, 4-B-Z2-b, 4~B-Z3-b, 4-B''Z4-b. 

4- B~Z5-b, 4-B-Z6-b, 4-B Z7-b, 4 C~Z1 -c, 4-C-Z2-C, 4-C-Z3-C, 4-C-Z4'C, 4-C-Z5-C, 4-C-Z6-C, 4-C-Z7-C, 

5- A-Z1-a, 5-A"Z2-a, 5-A-Z3-a. 5-A-Z4-a, S-A-ZS-a, 5-A-Z6-a, 5-A-Z7-a, 6-B-Z1-b, 5^B^22-b, 5-B-Z3-b, 5-B-Z4-b, 

6- B-Z5-b, S'B-Ze-b, 5-B-Z7-b, 5-C-Z1-C, 6-C-Z2-C, 5~C-Z3-c, 5-C-Z4-C, 5-C-Z5-C, 5-C^Z6*c, 5-C-Z7-C, 

15 6-A-Z1-a, 6-A-Z2-a, 6-A-Z3-a, 6-A-Z4-a, 6-A-Z5-a, S^^A-ZB-a, 6-A-Z7-a, 6-B-Z1-b, 6-B-^Z2"b, 6^B-Z3-b, 6-B-Z4-b, 

6~B-Z6-b, 6-B-Z6-b, 6-B-Z7-b, 6-C-Z1-C, 6-C-Z2-C, 6-C-Z3-C, 6-C-Z4-C, 6-C-Z6-C, 6-C-Z6^c. 6"C~Z7-c, 
7~A-Z1-a, 7-A-Z2-a, 7^A-Z3-a, 7-A-Z4-a. 7-A-Z6-a, 7-A-Z7-a, 7-B-Z1-b, 7-B-Z2-b, 7"B-^Z3-b, 7-B-Z4-b. 

7- B-Z5-b, 7-B-Z6-b, 7^B"Z7-b, 7-C-Z1-C, 7.C-Z2-C, 7-C-Z3'^c, 7-C-Z4hd. 7-C-Z5-C, 7-C-Z6-C, 7-0-Z7^, 

8- A-Z1-a, 8'A-Z2-a. 8-A-Z3-a. 8-A-Z4-a, 8-A"Z5-a. 8-A-Z6-a. 8-A-Z7-a, 8-B-Z1-b, 8^B-Z2"b, 8-B-Z3-b. 8-B-Z4-b. 
20 8-B-Z5-b, 8'B'Z6-b, 8-B-Z7-b, 8-C-Z1-C, 8-C-Z2-C, 8-C-Z3-C, 8-C-Z4-C, 8-C-Z5-C, 8-C"Z6-c, 8-C-Z7-C, 

9- A-Z1-a, 9-A'Z2-a, 9-A-Z3-a, 9-A-Z4-a, 9-A-Z5-a, 9-A-Z6-a, 9-A-Z7-a, 9-B-Z1-b, 9-B-Z2™b, Q^-B-ZS-b, 9-B-Z4^, 
9-B-Z5-b, 9-B-Z6-b, 9-B-Z7-b, 9-C-Z1 -c, 9-C-Z2-C, 9-C-Z3-C, 9-C-Z4-C, 9>C-Z5-c, g-C-ZB-^cand 9-C-Z7-C. 

[0159] In the above-mentioned combination examples, numerals indicate examples of the constituent units (1), A, 
25 B and C indicate examples of the -R5-(R^)^-0-portions of the constituent units (4), Z1 to Z7 indicate examples of the 
Z portions of the constituent units (4), and a, b and C indicate examples of the -R5-(RS)^-Wn- portions of the constituent 
units (6). 
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[0160] The branched type polar group-containing olefin copolymer of the invention may contain constituent units 
other than the constituent unit (1), the constituent unft (4) and tfie constituent unit (5), within limits not detrimental to 
5 the objects of the present invention. 

[0161] Examples of the constttuent units which may be contained include constituent units derived from cycHc olefins 
other than the polar group-containing monomer represented by the tollowhg formula (tO), non-conjugated polyenes, 
hydroxyl group-contaming ethylenlcaify unsaturated compounds, amino group-containing ethylenically unsaturated 
compounds^ epoxy group-contarning ethylenically unsaturated compounds, aromatic vinyl compounds, unsaturated 
carboxyllc acids and their denvatfves, vinyl ester compounds, and vinyl chloride, 

[0162] When these constituent units are contained, the amount thereof is not more than 30 mol %, preferably not 
more than 20 mol %, more preferably not more than 10 mol %, based on all constituent units to constitute the polar 
group-containing olefin copolymer. 

'5 Properties of copolymer 

[0163] The weight-average molecular weight (Mw) of the polar group-containing olefin copolymer of the second 
embodiment of the Invention is in the range of usually 500 to 2.000.000, preferably 1 ,000 to 1 ,500,000, more preferably 
5,000 to 1 ,300,000, and the molecular weight distribution (Mw/Mn) thereof is usually not more than 3, preferably not 

20 more than 2-8. more preferably not more than 2.5. 

[0164] When the molecular weight distribution (yw/Mn) is not more than 3, the polar group-contaming olefm copol- 
ymer is excellent in orientation of the polar groups toward the interface between said copolymer and a polar material 
and has excellent adhesion properties to a polar material and excellent com patibiUty with a polar material. 
[0165] The intensity ratio (Tap/{Taa+Ta|3)) of Tap to Taa^-Tcc3 in the ^^C-NMR spectrum of the polar group-con- 

^5 taining olefin copolymer is not more than 1 .0, preferably not more than 0.8, more preferably not more than 0.5. 

[0166] When the intensity ratio (Ta^/(Taa+TaP)) is not more than 1 .0, the polar group-contalning olefin copolymer 
is excellent in orientation of the polar groups toward the interface between said copolymer and a polar material. 
[0167] The second embodiment of the polar group-containing olefin copolymer of the invention is excellent in adhe- 
sion properties to metals and polar materials such as polar resins, compatibility therewith, surface hydrophillc proper- 

30 ties, coating properties, printability antl-fogging properties, antistatic properties, oil resistance, biocompatibility, dis- 
persibiHty in water, dispersibllity in solvent, pigment d^persibilily, filfer dispersibility, transparency, mechanical strength 
and moldability 

[0168] The third embodiment of the polar group-containing olefin copolymer of the invention comprises a constituent 
unit represented by the following formula (1) and a constituent unit represented by the following formula (6) (also 
35 referred to as a "constituent unit (6)), and optionally a constituent unit represented by the following formula (3). 



— CHz'-CH 
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* * ^ (6) 

[0169] The constituent unit represented by the formula (1 ) is identical with the aforesaid constituent unit (1 and the 
constituent unit represented by the formula (3) is identical with the aforesaid constituent un^t (3), 
[0170] In the third embodimGnt of th© polar group-containing olefin copolymer of the invention, the constituent unit 
represented by the fonnula (3) is also preferably a constituent unit represented by the following formula (3'). 



20 



{3^ ) 



[0171] In the formula (3*), R^' is a hydrocarbon group, preferably a hydrocarbon group of 1 to 20 carbon atoms, more 
preferably a hydrocarbon group of 3 to 20 carbon atoms. 
[01721 P is an integer of 1 to 3, preferably 1 , 

[0173] X' is a polar group containing O and/or N, preferably -OR, -COOR, -CRO, -NR2, an epoxy group, 



30 



35 



-CNR2 -OCR 



o , o 



(R is hydrogen or hydrocarbon group) -C^N, -OH, -COOH or NH^. 

[0174] The constituent unit represented by the formula (3*) is, for example, a constituent unit derived from the polar 
group-containing monomer represented by the following formula (7'). 

[0175] In the formula (6), is a direct bond or an aliphatic hydrocarbon group of 1 or more carbon atoms, preferably 
a direct bond or a hydrocarbon group of 1 to 10 carbon atoms. 

[0176] R^ is a hydrogen atom, a direct bond or an aliphatic hydrocarbon group of 1 or more carbon atoms, preferably 
a direct bond or a hydrocarbon group of 1 to 10 carbon atoms. 

[0177] Y is a polar group containing O and/or N. and preferred exampies of such polar groups include the same 
groups as previously described with respect to X'. 

[0178] m and n are each an integer of 0 to 2, and m+n is not 0. s is 0 or 1 . 

[0179] The constituent unit represented by the formula (6) is, for example, a constituent unit derived from the polar 
group-containing monomer represented by the following formula (8). 

[0180] In the third embodiment of the polar group-containing olefin copolymer of the invention, the constituent unit 
(1), the constituent unit (3) and the constituent unit (6) are bonded usually at random. 

Composition of copolymer 

[0181] In the third embodiment of the polar group-containing olefin copolymer of the Invention, the molar ratio ((1): 
(3)+(6)) between the constituent unit (1) and the total of the constituent unit (3) and the constituent unit (6) Is in the 
range of usually 99.99:0.01 to 0.01 :99.99, preferably 99.95:0.05 to 1 0:90, more preferably 99.9:0.1 to 30:70. The molar 
ratio ((3): (6)) between the constituent unit (3) and the constituent unit (6) is in the range of usually 0:1 00 to 99.99:0.01 , 
preferably 0:100 to 99:1 , more pr^erably 0:100 to 90:10. 
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[0182] Thethird embodiment of the polar group-containing ofefm copolymer of the invention may contain two or more 
iKinds of the constituent units (1), may contain two or more kinds of the constituent units (3), and may contain two or 
more kinds of the constituent units (6). 

5 Other cop Qlymen zajjie components 

[0183] The polar group-containing olefin copolymer of the invention may contain constituent units other than the 
constituent unit (1), the constituent unit (3) and the constituent unit (6), within limits not detrimental to the objects of 
the present invention. 

io [0184] Examples of the constituent unrts which maybe contained include constituent units dehvedfrom cyclic olefins 
other than the polar group-containing monomer represented by the folbwmg formula (8) or (7), non-conjugated pol- 
yenes, hydroxyl group containing ethylenically unsaturated compounds: amino group-containing ethylenicafly unsatu- 
rated compounds^ epoxy group-containing ethylenically unsaturated compounds, aromatic vinyl compounds, unsatu- 
rated carboxyllc acids and their derivatives, vinyl ester compounds, and vinyl chiohde, 

15 [0185] When these constituent units are contained, the amount thereof Is not more than 30 mo! %, preferably not 
more than 20 mot %, more preferably not more than 10 mol based on all constituent units to constitute the polar 
group-containing olefin copolymer 

Propemies of copolymer 

20 

[0186] The weight-average molecular weight (Mw) of the third embodiment of the polar group-containing olefin co- 
polymer of the invention is in the range of usually 500 to 2,000,000, preferably 1 ,000 to 1 ,500,000, more preferably 
5,000 to 1 ,300,000, and the molecular weight distribution (Mw/Mn) thereof is usually not more than 3, preferably not 
more than 2,8, more preferably not more than 2.5. 

55 [0187] When the molecular weight distribution (Mw/Mn) is not more than 3, the polar group-containing olefin copol- 
ymer is excellent in orientation of the poiar groups toward the interface between said copolymer and a polar material 
and has excellent adhesion properties to a polar material and excellent compatibility with a polar material. 
[0188] The intensity ratio (Tap/(Taa+Ta|3)) of Taji to Taa+Tap in the ""^C-NMR spectrum of the polar group-con- 
taining olefin copolymer is not more than 1 .0, preferably not more than 0.8, more preferably not more than 0.5. 

30 [0189] When the intensity ratio (Totp/(TawTap)) is not more than 1 .0, the polar group-containing olefin copolymer 
is excellent in orientation of the polar groups toward the interface between said copolymer and a polar material. 
[0190] The third embodiment of the polar group^iontaining olefin copolymer of the invention is excellent in adhesion 
properties to metals and polar materials such as polar resins, compatibflity and flexibility. 

^ Process for preparing polar group-containing olefin copoiymer 

[0191] The first embodiment of the process for preparing a polar-group containing olefin copolymer according to the 
Invention comprises copolynnenzing at least one a-olefin selected from a-olefins of 2 to 20 carbon atoms and at least 

one poiar group-containing monomer selected from a polar group-contaming monomer represented by the following 
40 formula (7) and a polar group-contaming monomer represented by the following formula (8) in the presence of an olefin 
polymerization catalyst comprising: 

(A) a compound of a transition metai selected from Group 3 (including lanthanoid and actinoid) to Group 1 0 of the 

periodic table, and 
45 (B) at least one compound selected from: 

(B-1) an organoaluminum oxy-compound, 

(B-2) a compound which reacts with the compound (A) to form an Ion pair (sometimes referred to as an "ionizing 
ionic compound*' hereinafter), and 
so (B-3) an organoaluminum compound. 

[0192] When a polar group-containing monomer represented by the following formula (7) Is used as the polar group- 
containing monomer in the invention, the aforesaid first embodiment of the polar group-containing olefin copolymer is 
obtained. When a polar group-containing monomer represented by the following formula (8) and optionally a polar 
55 group-containing monomer represented by the following fo on u la (7) are used as the polar group-containing monomers 
in the invention, the aforesaid third embodiment of the polar group-containing olefin copolymer is obtained. 
[0193] First, the components for fonning the olefin polymerization catalyst used in the invention are described. 
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(A) Transition metal compound 

[0194] The transition meta[ compound (A) for use in the [nvention is a compound of a transition metal selected from 
Group 3 (including lanthanold and actinold) to Group 10 of the poriodic table. 

[0195] Examples of transition metals selected from Group 3 (including lanthanold and actinold) to Group 10 of the 
periodic table include scandium, titanium, zirconium, hafnium, vanadium, niobium, tantaium, pailadium, nickel, cobalt, 
rhodium, yttrium, chromium, nnolybdenum, tungsten, manganese, rhenium, iron and ruthenium. Of these, preferable 
are scandium, titanium, zirconium, hafnium, vanadium, niobium, tantalum, palladium, nickel, cobalt and rhodium. Par- 
ticulariy preferable are titanium, zirconium and hafnium, 

[0196] As the transition metal compour^d (A), not only Zlegier-Natta catalyst and a metallocene catalyst but also a 
known organometalfic complex is employable in the invention. 

[0197] Examples of the transition metal compounds (A) preferably used are any compounds represented by the 
foUowing formulae (11) to (16). 

[0198] The transition metal compound represented by the formula (11 ) is described beiow. 



[0199] In the above formula, M1 is a transition metal atom of Group 3 (including lanthanoid and actinold) to Group 
10 of the periodic table, preferably a transition metal atom of Group 4, specifically zirconium, titanium or hafnium, 
preferably zirconium. 

[0200] Ri25, B26^ R27 aficl R28 may be the same or different and are each a hydrogen atom, a nitrogen -containing 
group, a phosphorus-containing group, a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon 
group of 1 to 20 carbon atoms, an oxygen-containing group, a sulfur-containing group, a silicon-containing group or a 
halogen atom. 

[0201] Examples of the nitrogen-containing groups Include amino group; primary amino group; alkylamino groups, 
such as methylamino, dimethylamino, dlethylamino, dipropylc^lno, dibutyiaminoand dicyclohexyiamino; andarylami- 
no groups oralkylaryl amino groups, such as phenylamino, diphenylamino, ditolylamino, dinaphthylamino and meth- 

ylphenylamino. 

[0202] Examples of the phosphoms-containrng groups include phosphino groups- such as dlmethylphosphino and 
dlphenylphosphino, 

[0203] Examples of the hydrocarbon groups of 1 to 20 carbon atoms Include alkyi groups, cycloaikyi groups, alkenyl 
groups, arylaikyi groups and aryi groups. More specrficaliy, there can be mentioned alkyi groups, such as methyl, ethyl, 
propyl, butyl, hexyl, octyl, nonyl, dodecyl and eicosyl; cycloalky! groups, such as cyciopentyi, cyclohexyl, norbornyi 
and adamanty^: alkenyl groups, such as vinyl, propenyl and cyclohexenyl; arylaikyi groups, such as benzyl, phenylethyl 
and phenylpropyl; and aryl groups, such as phenyl, tolyl, d^methylphenyl, trimethylphenyl, ethyiphenyl, propyiphenyl, 
biphenyfyl, naphthyl, methylnaphthyl, anthryl and phenanthryl. 

[0204] Examples of the halogenated hydrocarbon groups of 1 to 20 carbon atoms include groups wherein the above- 
mentioned hydrocarbon groups of 1 to 20 carbon atoms are substituted with halogens. 

[0205] Examples of the oxygen-containing groups include hydroxyl group; alkoxy! groups, such as methoxy, ethoxy, 
propoxy and butoxy; aryloxy groups, such as phenoxy, methylphenoxy, dimethylphenoxy and naphthoxy^ and aryla- 
Ikoxy! groups, such as phenylmethoxy and phenylethoxy. 

[0206] Examples of the suifur-containing groups include groups wherein oxygen is replaced with sulfur in the above- 
mentioned oxygen-containing groups; sulfonate groups, such as methylsulfonate, trifluoromethanesulfonate, phenyl- 
sulfonate, benzylsuifonate, p-toluenesulfonate, tnmethyibenzenesulfonate, trilsobutylbenzenesulfonate, p-chloroben- 
zenesulfonate and pentafluorobenzenesulfonate; and sulfinate groups, such as methylsulflnate, phenylsuiflnate, ben- 
zylsulfinate, p-toiuenesulfinate, trimethylbenzenesuifinate and per^tafiuorobenzenesulfinate, 

[0207] Examples of the silicon-containing groups include monohydrocarbon-substituted silyls, such as methylsllyl 
and phenylsllyl; dihydrocarbon-substituted silyls, such as dimethylsiiyi and diphenylsilyl; trihydrocarbon-substituted 
silyls, such astrimethylsliyi, triethylsilyt, tripropylsilyl, tiicyclohexylsilyl, triphenylsily}, dimethylphenylsllyl, methyldlphe- 




^28 
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nylsiiyh tritolylsilyl and trinaphthylsllyl; silyl ethers of hydrocarbon-substituted silyls, such as tnmethylsilyl ether; siiicon- 
substltuted alkyS groups, such as trimethyisilylmethyl; and silicon-substituted aryl groups, such as trimethylsilylphenyl, 
[0208] Examples of the halogen atoms include a fluorine atom, a chiohneatom. a bromine atonn and an iodine atonn, 
[0209] Of the groups indicated by r26^ p|27 ai^ci R^s^ a part of the groups neighboring with each other may be 
s bonded to form a ring together with cartoon atonris to which those groups are bonded. 

[0210] R25, R26, R2"^ a : j are each shown at two positions, and for example, R^^ and R^^ may be the same 
groups or different groups. Of the groups indicted by R^s to R^a^ the groups with Lhe same symbols are a preferred 
combination of groups which are ilnS<ed to form a ring. 

[0211] Examples of the rings formed from a part of the neighboring groups out of R25^ R26 r27 p28 together 
"fo with carbon atoms to whfch those groups are bonded mcltjde condensed rings, stich as benzene ring, naphthaJene 
ring, acenaphthene ring and indene ring; and groups wherein hydrogen atoms on these rings are replaced with alkyi 
groups such as methyl, ethyl, propyl and butyl. 

[0212] Of these, preferable is a hydrocarbon group of 1 to 20 carbon atoms or a hydrogen atom, and particularly 
preferable is a hydrocarbon group of 1 to 4 carbon atoms such as methyl, ethyl, propyl or butyl, a benzene rmg formed 
15 by bonding of a hydrocarbon group, or a group wherein a hydrogen atom on a benzene ring formed by bonding of a 
hydrocarbon group is replaced with an alky! group such as methyl, ethyl, n-propyl, IsopropyL n-butyi, isobutyl ortert- 
butyi. 

[021 3] and may be the same or different ahd are each the same hydrocarbon group of 1 to 20 carbon atoms, 
halogenated hydrocarbon group of 1 to 20 carbon atoms, oxygen-containing group, suifiir-containirrg group, silicon- 

20 containing group, hydrogen atom or halogen atom as described above with respect to R^^, R^s^ r27 p^aa of these, 
preferable is a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms or a sulfonate group. 
[0214] Y"' Is a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon group of 1 
to 20 carbon atoms, a divalent silicon-containing group, a divabnt germanium-containing group, a divalent tin*contain- 
ing group, -0-, -CO-, -S-. -SC ^SOs-. -Ge-, -Sn-, -NR21-, ^P(R2i)., _p(o)(R2i)-^ -8R21- or -AIR^-^- {each R2i may be 

25 the same or different and ydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 
20 carbon atoms, a hyc .lorn or a halogen atom), 

[0215] Examples of ti' ^ .int hydrocarbon groups of 1 to 20 carbon atoms include alkyiene groups, such as meth- 
ylene, dimethylmethylerv? . ethylene d^m ethyl- 1 ,2 -ethylene, 1 ,3-tnmethylene, 1 ,4-tetr^ ethylene, 1 ,2-cyclohexy- 
lene and 1 ,4-cyclohexyleno , and arylalk}/>ene groups, such as diphenylmethylene and diphenyl-1 ,2-Qthylone. 

30 [0216] Examples of the divalent halogenated hydrocarbon groups of 1 to 20 carbon atoms include groups wherein 
the above-mentioned divalent hydrocarbon groups of 1 to 20 carbon atoms are halogenated, such as chloromethylene. 
[0217] Examples of the divalent silicon™containing groups include aikylsilylene groups, such as silylene. methylsi- 
lylene, dimettiyisllylene, diethylsilylene, di(n- propyl) silylene, di(i-propyl)sllylene, dl(cyclohexyi)sjiylene, methylphenyls- 
ilylene, diphenylsilylene, dl(p-tolyl)silylene and di(p-chlorophenyl)silylene; alkyiarylsilylene groups; arylsiJylene groups; 

35 alkyidisflylene groups, such as tetramelhyl-1 ,2-disilylene and tetraphenyl-1 ,2-disilylene; aikylaryldisilylene groups; and 
aryldisiiylene groups. 

[0218] Examples of the divalent germanium-containing groups include groups wherein silicon is replaced with ger- 
manium in the above-mentioned divalent silicon-containing groups. 

[021 9] Examples of the divalent tin-oontaming groups include groups wherein silicon is replaced with tin in the above- 

40 mentioned divalent silicon-containing groups, 

[0220] R21 is the same hydrocarbon group of 1 to 20 carbon atoms, halogenated hydrocarbon group of 1 to 20 carbon 
atoms or halogen atom as described above with respect to R25, R26^ r27 r2S^ or a nitrogen compound residue in 
which one or two hydrocarbon groups of 1 to 20 carbon atoms are bonded to the nitrogen atom, 
[0221| Of these, a substituted silylene group, such as dimethylsilylene, diphenylsilylene or methylphenylsilylene, Is 

45 particularly preferable as V. 

[0222] Examples of the transition metal compounds represented by the formuia (11) include 

ethybne'bis(indenyl)dimethyl zirconium, 

ethylene-bls(jndenyl)zirconium dichtoride, 
50 ethylene--bis{mdenyl)zirconium-bis(lrifluoromethanesu!fonate), 

ethylene-bls{mdenyl)zirconium-bis(methanesulfQnate), 

ethylene-bis{indenyl)zirconium-bis(p-toiuenesulfonate), 

ethylene'bls{indenyl)zirconium bis(p-chlorobenzenesulfonate), 

ethyfene-bis(4,5,6,7-tetrahydroindenyl)zirconium dichloride, 
55 isopropy!idene-bis(cyclopentadienyl)f!uorenylzirconium dichloride, 

isopropyi[dene-bis(cyclopentadrenyl)(methylcyclopentadienyl)zirconium dichloride, 

drmethylsilylene-bis(cydopentadienyf)z3rconium dichloride, 

dimethytsilylene-bis(methylcyclopentadienyl)zirconium dichloride, 
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dlmethylssly[Gne-bis(dimethylGyc[opentadienyl)zirconlum dichioride, 
dimethylsiiy]enB-bis(trimethylcycloperitadtenyl)zirconlurr! dichloride, 
djmethylsi!y]ene-bis(indenyl)Zfrconium dichlonde, 
dimethylsiiylene-bis(indenyj)zirconjum-bis(tnf!uoromethan6sulfonate), 
dlmethylsi!ylene-bis(4,5,6,7-tetrahydroindenyi}zlrconium dichloride. 
dimethylsilylene-bis(cyciopentadienyl)(f[uorenyl) zirconium dichioride, 
diphenylsilylene-bis(indenyi)zirconium dichioride, 
methylphenyisi!ylene-bis(indenyl)zinconium dichloride, 

rac-dimethyisilylene-bis(2,3,5-trirnethylcyc[opentadienyl)zirconium dichloride, 
rac-dimethylsnylene-bis(2,4,7-trlmethyicydopentadienyl)zirconium dichlorlde, 
rac-dimethyisilylene-b!s(2-methyl'4"tert-buty!cyclopGntadienyl)zirconium dichlonde^ 
isopropy[idene-(cyciopentadiGr[yl)(f(uorenyi)zlrconium. dichioride, 
dimethylsiiylene43-t6rt-bytylcycSopentadjenyl)(indenyi)zirconium dichlonde, 
isopropy[idenG-(4"methyicyclopentadlenyl){3-methylindenyi)zirconium dichioride, 
isopropyHdene(4-tert'butylcyclopentadieny])(3-methy!indeny!)zlrconium dicliloride, 
isopropy[idene(4-tert-butyicyciopentadieny1){3-tert-buty!indenyl)zirconjunn dichloride, 
djmethylsi!ylene-{4-mGthylcyclop6ntadienyl)(3-mGthynndenyl)zirconiijm dich 
dimethylsilylene-(44ert-butylcyclopentadienyl)(3-methylindenyi)zirconium dichloride, 
dirTiethylslly]ene444ert-bu1ylcyclopentadienyl)(3-tert-butylmdenyl)zircor^fum dichlonde, 
dimethylsily]ene-(3-tert"butylcyclopentadienyl)(flUGrenyl)zfrconiunn dichloride, 
isopropy[jdene-(3-tert-butyicyclopentad!enyl)(fluorenyl)zirconluni dichloride, 
N,N-d;phenylaminoboryliden~bis(cyclopentadfenyi)zirconium dichloride, 
N,N-dinaphthylaminoboryliden-*bis(cyclopemadienyl)2irconium dichloride, 
N,N-dlmethylaminoboryilden-bls(cyclopentadrenyl)zirconlum dichloride and 
N-nneThyl-N-pheny{aminoboryl[den-bis(cyclDpentadienyl)z[rconium. dichloride. 

[0223] Also available are compounds wherein zirconium is replaced with titanium or hafnium in the above-mentioned 
compounds. 

[0224] The transition metal compound represented by the formula (11) is more specifically a transition metal com- 
pound represented by the following fomiula (11 a) or (11b), 




. . . (lla) 



[0225] In the above formula, is a Iransltion metaf atom of Group 4 of the periodic table, specificany zirconium, 
titanium or hafnium, preferably zirconium, 

[0226] Each R31 may be the same or different and is a hydrocarbon group of 1 to 6 carbon atoms. Examples of such 
hydrocarbon groups include alkyi groups, such as methyl, ethyl, n-propyl, rsopropyl, n-butyl, isobutyl sec~butyl, tert- 
butyl.. n-pentyl, neopentyf. n-hexy^ and cyclohexyl; and aikenyl groups, such as vinyl and propenyl. Of these, preferable 
are alky! groups whose carbon atoms bonded to Indenyl groups are primary carbon atonns, more preferable are alkyl 
groups of 1 to 4 carbon atoms, and particularly preferable are methyl and ethyl. 

[0227] R34 ^35 ^^^d R^^ may be the same or different and are each a hydrogen atom, a halogen atom or the 

same hydrocarbon group of 1 to 6 carbon atoms as described above with respect to R31. 

[0228] Each R33 may be the same or different and is a hydrogen atom or an aryl group of 6 to 16 carbon atoms. 
Examples of such aryi groups include phenyl, a-naphthyl, p-naphthyl, anthryl, phenanthryL pyrenyl, acenaphthyl, phe- 
nalenys, aceanthrylenyl, tetrahydronaphtiiyl, indanyi and biphenytyL Of these, preferable are phenyl, naphthyl, anthryi 
and phenanthryl, 

[0229] These aryi groups may be substituted with: 

halogen atonns, such as fluorine, chlorine, bromine and Iodine; 
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hydrocarbon groups of 1 to 20 carbon atoms, e.g., alkyl groups, such as methyl^ ethyl, propyl, butyl, hexyl, cy- 
clohexyl, octyl, nonyl, dodecyl, eicosy!, norbornyl and adamantyl; alkenyi groups, such as viny!^ propenyl and 
cyclohexenyl; arylalkyl groups, such as benzyl, phenylettiyf and phenylpropyl; and ar^ groups, such as phenyl, 
tolyl, dimethylphenyl, trimethylpheny], ethylphenyl, propylphenyj, biphenylyl, a- orp-naphthyL methylnaphthyl, an- 
thryt. phenanthryl, benzylphenyL pyrenyi, acenaphthyL phenalenyi, aceanthrylenyl, tetrahydronaphthyL Indanyl 
and biphenyiyl: and 

organosilyi groups, such as trimethylsily!, trtethylsilyl and triphenyisily!. 

[0230] and may be the same or different and have the same meanings as those of X*" and X^ in the formula 
(11 ). Of the aforesaid atoms and groups, preferable is a halogen atom or a hydrocarbon group of 1 to 20 carbon atones. 
[0231| has the same meaning as that of in the formula (11). Of the aforesaid groups, preferable is a divalent 
silicon-containing group, a divalent germanium-containing group, a divalent alkylene group or a divalent boron-con- 
taining boronyl group, more preferable is a diva^entsilicon-containing group or a divalent alkylene group, and particularly 
preferable is alkylsilylene, alkylarylsilylene, erylsilylene, alkylakylene or arylalkylene, 

[0232] Examples of the transition metal compounds represented by the formula (11a) include rac-dimethylsilylene- 

b^s[1 -(2"methyl-4~ph6nylindenyl)Jzirconium dichloride, rac-dimethylsjlylene-bis[1 -(2-methyl-4-(a-naphthyl)indenyl)jzir- 
conium dichloride, rac-dimethyisiiylene-bisfl -(2-methyi-4-(p-naphthyl)indenyl)jzirconium dichloride, rac-dimethylsi- 
lylene-bis[1 '(2-m©thyl'-4-(1 "anthryl)indenyO]zirconlum dichloride, rac~dimethylsilylene-bis[1 -(2-methyl-4-(2-anthryl)fn- 
denyl)]zfrconlum dichloride, rac-dimethylsilylene-bis[1-(2-methyl-4-(9-anthfyl)tndenyl)|zirconium dich[oride, rac- 
dimethylsyylene-brs[1 -{2-methyi-4-(9-pherianthr-yl)mdenyi)]zirconium dichloride, rac-dimethyisilylene~bis[1 -(2-methyl- 
4-(p4luorophenyl)indenyl)]zjrconium dichloride, rac-dimethylsi!ylene-blsf1-{2-methyl-4-(peritafluorophenyl)indenyl)] 
zirconium dichloride, rac-dimethylsliylene-bis[1-(2-methyl-4-(p-chloroph8nyl)indeny!)]zirconium dichloride, rac-dimeth- 
y^si!ylene-b^s[1 -(2*methyl*4-(m'<:hlorophenyl)mdenyl)]zircDniym dichloride, rac-dlmethylsilyiene-bls[1 -(2Hfnethyl-4-(o- 
ch)orophenyl)!ndeny})3z!rconium dichloride, rac-dimethylsilylene-bistl -(2-methyl-4-{o,p-dich!orophenyl)pheny1{nde- 
ryl)]zirconium dichloride, rac-dimethylsilylene-bis[1 -(2-methyl-4-(p-bromophenyl)indenyl)]zirconlum dichloride, rac- 
djmethyls!lylene-bis[1 -(2-methyl-4-(p-toiyi)tndenyl}]zirconium dichiohde, rac-dimethyis[lylene~bis[1 -(2-methyl-4-(m- 
tolyl)indenyl)]zirconium dichloride, rac-dimethylsilylene-bis[1-(2-methyl-4-(o-tolyl)indenyl)]zirconium dichloride, rac- 
dimethylsl[ylene~bis[1-(2-methyi-4"(o,o'-d}methylphenyl}-1-indenyl)]2lrconium dichforide, rac-dimethylsilylene-bis 
[1 -(2-methyl-4''(p-ethylphenyl)indenyl)]zirconiym dichloride, raC"dlmethylsilylene-bis[1 -(2-methyl-4-(p-i-propylphenyl) 
iiidenyl)]zirconium dichloride, raC'dimethyisilyiene-bis[1 -(2-methyl-4-(p-benzy1phenyl)inderiyl)]zirconium dichloride, 
rac"dlmethylsilylene-bls[1 -{2-methyl-4-{p-biphenylyl)indenyl)]zirconiL}m dichloride, rac-dimethylsilylene-bls[1 -(2-me- 
thyl-4-(m-biphenylyl)indenyf)]zirconium dichloride, rac-dimethyisilyiene-bis[1-(2-metiiyl-4-(p-tnmethylsilylenephenyi) 
!ndenyl)3z!rconium dichloride, rac-dimethylsilylene-bis[1-(2-methyl-4-(m-trlmethylsilylerephenyt)lndenyl)5zirconlum 
dichioride, rac-dimethylsiiylene-bis[1 -(2-phenyi-4-pheny!indeny[)]zirconium dichloride, rac-dlmethylsltylene-bis 
[1 -(2-methyl-4-phenylindenyl)]zirconium dichloride, raC"di-(i-propyl)silylene-bis[1 -(2-methyl-4-phenylindenyl)]zirconi- 
um dichloride, rac-di~(n-butyi)silylene"bls[1-(2-meThyl-4-phenylindenyl)]zircon[um dichloride, rac-dicyclohexylsilylene- 
bis[1 -(2-methyl-4-phenyyndeny])]zirconium dichloride, rac-methylphenyisilylene-bi^l -(2-methyl-4-phenylindenyl)]z[r- 
conium dichioride, rac-dtphenylsilylene-bis[1 -(2-methyM-phenyffndenyl)]zirconfum dichloride, rac-di{p-tolyl)sllylene- 
bis[1 -{2-methyi-4-phenylinder^yl)]z!rconiym dichloride, rac-di(p-chbropheny!)sitylene~bis[1 -(2 ■methy^"4"phe^ylinde- 
ny])]zirconium dichloride, rac-methyiene-bis[1-(2-methyl-4-phenyltndenyl)]zirconium dichloride, rac-ethylene-bis 
[1 -(2-methyl-4-phenyltndenyl)]zirconium dichloride, rac-dimethy]9ermylen6-bis[1 -{2-methyl-4-phenyHndeny[)]zirconi" 
um dichloride, rac-dim6thy!stannylene-bls[1-(2-m6thyl-4-phenylindenyl)]zirconium dichloride, rac-dimethylsilylene-bis 
[1 -(2-methyl-4-phenylindenyl)]zirconium dibromide, rac-dlmethytsilytene-bis[1 '(2~methyl*4-phenyl[ndenyl)3zirconium 
dimethyl, rac-dimethy!silylene-bis[1 -(2-methyl-4-phenylindenyl)]zirconium methylchloride, rac-dimethylsilylene-b!S 
[1 -(2-methyl-4-phenylindenyl)]7irconium chlorideSOsMe, rac-dimethylsilylene-bis{1 -(2-methyl»4-phenylindenyl)]zirco- 
nium chlorideOS02Me, rac-dimethy^silylene-bis[1 -(2-ethyl-4-phenyhndGny{)lzirconium dichloride, rac-di methyls i- 
lylene-bis[1 -(2-ethyi-4-a-naphtyl)indenyl]zrrconium dichloride, rac-dimethylsilylene-bisfl -(2"ethyM-(P'naphthyi)inde* 
nyl)lzlrconlum dichloride, rac-dimethyisllylene-bis[1-(2-ethyi-4-{2-methyl-1-naphthyl)lndenyl)]zircofimm dichloride, 
raC'dimethylsilyfGne-blsri-(2-ethyh4-{5-acenaphthyf)indenyl)lzirconium dichloride, rac-dimethylsilylene-bisH -(2-ethyl- 
4"(9-anthry!)indenyl)]z{rconiym dichloride, fac-dlmethylsi}ylene'-bis[1-(2-ethyl-4-{9-phenanthryl)indenyi)]zirconium 
dichlonde, rac-dimethylsilylene-b{s[1 -(2"ethyl-4-{o-methylphenyOindenyl)]zirconium dichloride, rac-dimethylsilylene- 
bis[1 -(2-ethyl-4-(m'methylphenyl)indenyl)]zirconium dichioride, rac-dimethy!siiylene-bist1 -(2-ethyt-4-(p-methytphenyl) 
indeny])]zirconium dichloride, rac-dimethylsjlylene-bls[1 -(2-Gthyl'-4"(2,3''dimethylphenyl)indenyl)]zirconium dichloride, 
rac-dimethy!silylene-bis[1-(2-ethyl-4-(2,4'djmethylphenyl)indenyi)]zirconium dichloride, rac-dimethylsilylene-bis 
[1 '(2-ethyh4-(2,5-djmethyiphenyl)!ndenyl)]zirconium dichlonde, rac-dimethylsHylene-bis[1 -(2-ethyi-4-(2,4,64rimethyl- 
phenyl)indenyf)]zirconium dichloride, rac-dimethylsilylene-bis[1 -(2-ethyl-4-(o-chlorophenyl)indenyi)]zirconium dichlo- 
ride, rac-dimethyfsilylen9-bis[1-(2-ethyl-4-(m-chlorophenyl)indenyl)]zirconium dichioride, rac-dimethyfsilyiene-bis 
[1 -(2-ethyl"4"(p-chlorophenyl)indenyf)]7Jrconium dichloride, rac-dlmethylsilylene-bis[1 -(2-ethyl-4-(2,3-dichloropheny[) 
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}ndenyl)jzirconium dichloride, rac-d!methylsliylene-bis{1 -(2'ethy!-4-(2>5-dichloroplienyl)indeny!)]zirconjum dichloride, 
rac-dlmethylsiiyiene"bis[1~(2"ethyl-4-(3,5-dichiorophenyOindGnyl)]zirconium dichloride, rac-dimGthylstfylene-bis 
[1~(2-ethy]-4-(2-bronr!oprienyl)indenyi)]zirconlum dichloride, rac-dimethyisliylene-bis[1-(2-ethy!-4-{3-brornophenyj)in- 
deny[)]zirconium dicWorlde, rac-dimethylsllyiene-bis[1-(2-ethyi-4-(4-bromophenyl)indenyl)]zirconium dichloride, rac- 
dimethylsllylene-bls[1-(2-ethyh4-(4'biphenylyl)lndenyl)]zirconium dichloride, rac-dlmethylsliyiene-bis[1-(2-ethyl- 
4-(4-trlmethy!silyiphenyl)inder3yf)]zircon!um dichloride, rac-dimethylsilylene-bis[1 -(a-n-propyl-A-phenylindenyOlzirco- 
nium dichloride, rac-'dlmethylsilylene-bis[1 -(2-n-propyl-4-(a-naphthyl)indenyl)]zlrconmm dichloride, rac-dimelliylsi- 
iylere~bls[1 -(2-n-propyi-4"(p"naphthyl}mdeny[)]zirconium dichloride, rac-dimethyjsilylene-bls[1 -(2-n-propyl-4-(2-me- 
thyl-1 -naphthyl)indenyi)]zirconiunn dichloride, rac-dimethylsilylene-bis[1 -(2-n-propyl-4-(6-acenaphthyl)indenyi)]zirco- 
nium dichloride, rac-di!nethylsilyiene-bls[1 -(2-n-propyt-4-(9-anthryl)indenyl)]zirconiurn dichloride, rac-dimethylsllylene- 
bis[1-(2-n-propyl-4-(9--phenanthry!)indonyl)]zirconlum dichloride, raC"dimethylsi!yiGne-bis[1-(2-i-propyl-4-phenyllncie- 
nyl)]ziroon!um dichloride, rac-dimethylsiiy1enG~bis[1 -(2-i-propyl~4~(a-naphthyl)jndGnyl)]zirconium dichioride, rac- 
dimethy!sjlyiene-b!s[1-'(2~i-propyl-4-(p-naphthyl)indenyl)]z[rconium dichloride, rac-dlmethyisilylene-bis[1 -(2-i-propy]- 
4-(8-methyl-9-naphthyi)ind0nyi)]zirconium dichlohde, rac-dimethylsilylene-bis[1 -(2-i-propyl-4-(5-acenaphthyl)inde- 
nyl}]2irconilim dichloride, rac*dimethylsHyiene-bis[1 -(2-i-propyi-4-(9-anthryl)indenyl)]zirconium dichloride, rac-dimeth- 
ylsllylene-bis[1 -(2-i-propyl''4^{9"phenanthryl)indenyl)]2lrconiunn dichloride, rac-dimethylsilyier^e-bls[1 -(2-s-butyl-4-phe-' 
nylindenyl)]zircon!Um dichloride, rac~dimethylsilyierie-bis[1 -(2-s-biJtyl-4-(a-naphthyi)indenyl)]zirconiLim dichloride, rac- 
dimethylsilylene-bls[1-(2-s-butyi''4*(p-naphthyl)indenyi)]zirconium dichloride, rac-dimethylsifylene-bis[1 -(2-s-buty!- 
4-(2-methyl-1 -naphthyl)mdenyi)]zirconlum dichloride, rac-dimethylsiiyiene-bis[1 -(2-s-butyi-4-{5-acenaphthyl)indenyl)] 
zirconium dichloride, rac*dimethylsliyiene-bis[1-(2-s-butyl-4-(9-anthryl)jndenyl)32irconium dichloride, rac-dimethylsi- 
lylene-bis[1"(2-s-butyl-4'(9"phenanthryl)indenyiy]zirconium dichloride, rac-dimethy(sijylene-bls[1-(2-n-pentyi-4-phe" 
ny!indenyl)]zircon^uni dichloride, rac-dimethyisilylene~bis[1 -{2-n-pentyl-4-(ot-naphthyl)indenyl)]zircon!um dichloride, 
rac-dimethylsilylene-b!s[1-(2-n-bulyl*4-phenylinder!yl)]zirconium dichloride, rac-dimethylsjlylene-bis[1-(2-n-butyl-4-(a- 
naphthyl)indenyl)]zirconium dichloride, rac~dfmethylslly[ene-bls[1 -(2-n-butyi-4-(p-naphthyl)indenyl)]zlrconium dichlo- 
ride, rac-dimethylsilylene-bls[t -(2-n -butyl -4-(2-m ethyl- 1 -naphthyl)indenyl)]z!rconium dichloride, rac-dimethylsilylene- 
bis[1 -(2-n-butyl-4-(5-acenaphthyl)hdenyl)]zirconium dichloride, rac-dimethylsilylene-bis[1 ~(2-n-butyl-4-(9-anthryOin- 
denyl)]zirconium dichlonde, rac-dimethyisiiylene-bisfl -(2-n"biityi-4-(9-phenanthryl)indenyl)]Z!rconium dichloride, rac- 
dimethylsilylene-bis[1-(2-[-butyl-4'-phenylindenyl)]zirconium dichloride, raC'dimethylsiiylene-b!s[1-(2-i-butyl-4-(a- 
naphthyl)rndenyl)]ztrconium dichloride, rac-dimethylsilylene-bis[1 -(2-l-butyi-4-(p-naphthyl)[ndenyi)Izirconium dichlo- 
ride, rac-dimethyis!lylene-bls[1 -(2-i-biityl-4-(2-methyl-1 -naphthyl)indenyl)]2irconiufn dichlonde, rac-dimethylsilylene- 
bts[1 •>(2-i~butyi-4-(5-acenaphthyl)indenyl)]zircon}um dichloride, rac-dimethylsilylene-bis[1 -(2-i-butyi-4-(9-anthryl)inde- 
nyl)]zirconium dichloride, rac-djniethylsilylene-b3s[1-(2-i-butyl-4-(9-phenanthryt)}nderiyl)]zlrconlum dichloride, rac- 
dlmethylsijylene-bis[1-(2-neopenty!-4-phenylindenyl)]zlrconium dichloride, rac'dimethylsilyiene-bis[1 •-(2-neopentyl- 
4-(a-naphthyl)indenyl)]ztrconium drchioride, rac-dimethylsilylene-bisfl -{2-n-hexyk4-'phenylindenyl)]zlrcortlum dichlo- 
ride, rac-dimethy!silylene-bis[1 -(2-n-hexyl-4'"(oc-naphthyl)indenyl)!zfrconium dichloride, rac-methylphenylsilylene-bis 
[1 -(2-ethyl-4-phenylindenyl)}zirconium dichloride, rac-methylphenylsiiylene-bis[1 -(2'-ethyl-4-(a-naphtfiyl)indeny!)jzir- 
conium dichloride, rac-methylphany!3ilylene-bis[1-(2-ethyl-4-(9-anthryl)indenyl)]zirconium dichloride, rac-methyiphe- 
nylsilylene-b!s[1 -(2-ethyl-4-(9-phenanthryi)indenyi)]zirconium dichioride, rac"methylphenyisilylene-bis[1-(2-ethyl- 
4-phenylindeny!)]zirconmm dichloride, rac~diphenylsi[ylene-bis[1 -(2-ethyl-4-(«'naphthyf)indeny[)]zirconium dichloride, 
rac-diphenyisilylene"brs[1"(2-ethyl-4"{9"anthryl)indenyl)}zirconium dichloride, raC"diphenylsilylGne-bis[1~(2"ethyl- 
4-(9-phenanthryi)indeny[)]zircon}um dichlonde, rac-diphenylsilylene-'b?s[1 -(2-Gthyl-4-{4-biphenylyi)indenyl)]zirGonium 
dichloride, rac-methylene^b[5[1 -(2-^Gthyl-4-(4-pheny[indenyi))zirconium dichloride, rac-nnethyrene-bis[1 -(2-ethyl-4-(ot- 
naphthyl)indenyl)]zirconiLirn dichloride, rac-ethyiene-bis[1 -(2'Qthyl-4-phenylindenyl)]2irconium dichloride, rac-ethyl- 
en6-bis[1-(2-ethy[-4-{a-naphthyl)indenyl)]zirconium dichloride, rac-ethy!ene-bJs[1-(2-n-propyl-4-(a-naphthyl)indGnyl)] 
zirconrum dichloride, rac~dimethylgermyl-b}s[1-(2-ethyl-4-pheny{indenyl)]zirconium dichloride, rac-drmsthyigermy[-bis 
[1 -(2-ethyl-4-(a-naphthyl)lndenyl)jz[rconium dichioride and rac-dim©thylgermyl-bis[1-(2-n-propyl-4-phenyi!ndenyl)]zlr- 
conium dichloride. 

[0233] Also available are compounds wherein zirconium is replaced with titanium or hafnium in the above-mentioned 
compounds. 

[0234] In the present invention, a racemic modification of the transition metal compound represented by the formula 

(11a) is usually used as a catalyst component but R-form or S-form is also empioyable. 

[0235] The transition metai compound represented by the formula (11a) can be prepared in accordance with the 
specification and examples of European Patent A No. 0,320,752 described In Journal of Organometallic Chem., 288, 
pp. 63-67(1985}. 

[0236] Next, the transition metal compound represented by the formula (11b) is described. 
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[0237] in the above formula, is a transition metal atom of Group 4 of the periodic table, specifically titanium, 
zirconium or hafnium, preferably zirconium. 

[0238] and R^^ may be the same or different and are each a hydrogen atom or the same nitrogen-containing 

group, phosphorus-containing group, hydrocarbon group of 1 to 20 carbon atoms, halogenated hydrocarbon group of 
1 to 20 carbon atoms, oxygen-containing group, sulfur-containing group, silicon-containing group or halogen atom as 
described above with respect to R^s, R26^ r27 and R2» in the formula (11), 

[0239] R^"^ is preferably a hydrocarbon group of 1 to 20 carbon atoms, particuiarfy preferably a hydrocarbon group 
of 1 to 3 carbon atoms such as methyl, ethyl or propyl. R^^ is preferably a hydrogen atom or a hydrocarbon group of 
1 to 20 carbon atoms, particularly preferably a hydrogen atom or a hydrocarbon group of 1 to 3 carbon atoms such as 
methyl, ethyl or propyl. 

[0240] R^® and R^o may be the same or different and are each an alkyi group of 1 to 20 carbon atoms. Examples of 

such alky! groups include straight-chain or branched alky! groups, such as methyl, ethyl, n-propyi, isopropyl, n-butyl, 
isobutyl, sec-butyi, tert-butyl, n-pentyl, neopentyl, n-hexyl, cyclohexyl, octyl, nonyi, dodecyl and eicosyl; and cycioalkyi 
groups, such as norbornyl and adamantyl. 
[0241] R39 is preferably a secondary or tertiary alkyi group. 

[0242] X"^ and may be the same or drfferent and have the same meanings as those of X1 and X^ In the formula (11 ) . 

[0243] has the same meaning as that of in the formula (11), 

[0244] Examples of the transition metal compounds represented by the formula (11b) include rac-dimethyisiiylene- 
bjs[1 -(2,7-d!methyl-4-ethyiindenyl)lzifconium dichioride, rac-dimethylsilylene-bis[1 -(2,7-dimethyl-4-n-propylindenyi)j 
zirconium dichioride, rac-dimethylsilylene*bis[1-(2,7-dimethyl-4-i-propylindenyl)]zirconium dichioride, rac-dimethylsi- 
lylene-bisfl -(2,7-dimethyl-4-n-butylindeny])]zlrconlum dichloiide, rac-d!methylsllylene-bls[1 -(2,7-dlmethyl-4-sec-butyt- 
indenyl)]zirconium dichioride, rac-dimethylsllylene-bis[1 -(2,7-dlmethyl-4-t-butylindenyl)]zlrconium dichioride, rac- 
dimethylsilyiene-bis[1-(2,7-dimethyl-4-n-pentylindenyl)]zirconium dichioride, rac-dimethyiS!ly[ene-bis[1-(2,7-dimethyi- 
4-n-hexylindenyl)]zirconium dichioride, rac-dimethyisilylene»bis[1 -(2,7-dimethyi-4-cyciohexyl!ndenyi)]zirconium 
dichioride, rac-dimethylsirylene-bis[1 '(2,7-d]methyi-4-methy!cyclohexyl[ndanyl)]zirconium dichioride, rac-dimethylsi- 
lylene-bis[1 -{2,7-dimethyl-4-ph©nylethylindeny^}]zirconium dichioride, raG-dimethylsilylene-bis[1 -(2.7-dfmethyl-4-phe- 
nyldich]oromethylmdenyl)]zirconium dichioride, rac-dimethyis]iylene-bis[i -(2,7-dimetbyS~4-chioromethyiindenyl)]zirco- 
nium dichioride, rac-dimethylsiiylena-bis[1 -(2,7-djmethyl-4-trimethylsilyimethyiindonyl)]zirconium dichioride, rac- 
dimethylsilylene'bis[1-(2,7-djmethyi-4-trimethylsi}oxymethylindenyi)]zircon[um dichioride, rac-dlethyisilylene-bis 
[1 -(2,7-dimethyh4H-propylindenyl)]zirconium dbhloride^ rac-di(t-propyl)siiyiene-bis[1 -(2,7-dimethyM-i-propylindenyl)] 
zirconium dichioride, rac-dHn-butyl)silylene-bls[1-(2,7-dlmethyl-4-i-propyllndenyl})zirconlum dichioride, rac-di(cy- 
clohexyl)silylene-bis[1-(2,7-djmethyl-4-i-propyiindenyi)]2irconiumdichloride,rac-methylphenyisl}yiGne-bis[1-(2,7-dime- 
thyl-4-[-propyHndenyi)]zirconium dichioride, rac-methyiphenyisiiyiene-bis[1 -(2,7-dimethyl»-4"t"butylindenyl)]zirconium 
dichioride, raG-d!phenylsilylene-bis[1~(2,7-dimethyl-4-t-butyiindenyl)]Z!rconium dichioride, rac-diphenylsllylene-bis 
[1 -{2,7-dimethyl-4-i-propylindenyl)]zirconium dichioride, rac-diphenylsllylene-bis[1 -(2,7-d[methyM'"ethylindenyl)izirco- 
nium dichioride, rac-di(p-tolyI)sily]ene-bJs[1-(2,7-dimethyl-4-t-propylindenyl)lzirconium dichioride, rac*di(p-chlorophe- 
nyl)siiyiene-bis[1 -(2,7-dimethy[-4-i-propylindenyi}]zirconium dichioride, raC"dimethylsilylene-bis[1 -(2-methyf-4-i-pro- 
pyi-7-ethylindenyl)]zirconium dibromide, rac-dimethy{silyiene-bis[1 -(2,3,74rimethy{-4-ethylindenyl)]zirconium dichio- 
ride, rac-dimethylsiiyiene-bis[1 ~(2,3T-trimethyl-4-n-propyiindenyi)]zirconium dichioride, rBC-dimethylsi!ylene-bis 
[1-{2^3,7-trimethyl-4-i-propylindenyl)]zirconium dichioride, rac-dimethylsilylene-bis[1-(2,3,7-trimethy1-4-n-butylinde- 
nyl)lzirconiiim dichioride, rac-dimethyfsilylene-bis[1-{2,3,7-trimethyl-4'SeC"buty}indenyO|zircon]um dichioride, rac- 
dimethyisiiyiene-bis[1-(2,3,7-tnmethyi-4-t~butyl[ndenyl)]2irconium dichioride, rac-dimethylsilylene"bis[1 -(2,3,7-trime- 
thyl-4-n-pentylmdenyl)lzirconium dichioride, rac~dimethy!silylene"bis[1 -{2,3,7-trimethyl-4-n-hexylindenyl)]zircon!um 
dichioride, rac-dimethylsily]ene-bis[1 -(2,3,7-trimethyM~cyciohexylindenyl)]zirconium dichioride, rac-dimethylsilylene- 
bis[t-(2,3,7-trimethy{-4-methylcyc!ohexylmdGnyl)]zirconium dichioride, rac-dimethylsilylene-bis[1-(2,3,7-trlmethyl- 
4-trimethyislfyfmethyiindenyl)|2^rconlum dichioride, rac-dlmethylsjlylene-bisL1-(2,3 J-trimethyl-4-trimethylsiloxiymeth- 
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y!indeiiyl)]zirconium dlchbride, rac-dimemyJsi^yiene-bis[1-(2:3 J-trimethyh4-phenylethylindeny!)]zircon^ dichloride, 
rac-dimethylsiiy{ene-bis[1-(2,37-tr[methyl-4-pheny!dich!oromethylindenyl)]zircon!um dichbride, rac-dimethylsilylene- 
bis[1 -(2,3,7-trlmethyl-4-chloromethyiindeny[)Jzirconium dichloride, rac-diethylsi[y{ene-^bis[1-(2,37-trimethyl-4-i-propyl- 
indenyiyizirconium dichloride, rac-di(i-propyl)silyiene-bis[1-{2,374rimethyl-4H-propyiindenyl)]zirconium dichbnde, 
rac-dl(n-butyi)snytene-bls[1-(2,3,74rimethyl-4-i-propyfindenyl)]zircon^ dichloride, rac-di(cyciohexyl)silylene-bls 
[1 -(2, 3, 7-tr!melhyf-4-i-propylindenyl)]zirconium dichloride, rac-me!:hy!phenylsilylene-bis[1 -(2,3,7-trimethyl-4-i-p^opyHn- 
de^y^)]z^rco^lum dichloride, rac~methyiptnenylsilylene-bis[1 -(2,3,7-tnmelhyi-4-i-butylindenyO]zirconiLim dichloride, rac- 
diphenyisllyiene-bis[1 -(2,3,74rimethyl"4-t-butylindenyl)]zirconmm dichloride, rac-diphenylsiiyfene-bis[1 -{2,3,7-trime- 
thyl-4-i-propylindenyl)]zirconium dichloride, rac-diphenylsyylene-bis[1 -(2,37-trimethyl-4-ethylindenyl)]zirconlum 
dichloride, rac-di(p-tolyl)s*lylene-bis[1 -(2,37~trimethyl-4-i-propylindenyl)]zirconium dichloride, raC"di(p-chlorophenyl) 
silylene-b{s[1 -{2,3,7-trimethyl-4-i-propyHndenyl)]zirconlum dichloride, rac-dif^ethylsiiylene-bis[1 (2 methyl-4-i-propyt- 
7'methylindeny])]zirconlum dimethyl, rac-dirn©thyisilyleno-bis[1-(2-rTiethyl"4"i~propyl-7-methyNrideny!)]zjrconiurT^ 
methylchloride, raC"dirTiethy[silylene-bis[1 -(2-nnethyl-4-i-propy^7-methyllridGnyl)]2irconiunn-bis(metharies 
rac-dirTiethylsilylene-bis[1"{2-rnethyi-4-i-propyi-7-methyllrider!yl)]2irconium^bls(p-phQny^ rac-dimethylsi- 
lylene-bis[1-(2-nnethyl'3*methyl-4-i"propyl-7-methyliridenyl)]zirconium dichloride, rac-dimethylsilylene'-bts[1-(2-m6- 
thyl-4,6-di-i-propylindenyt)]zirconium dichloride, rac-dimethy!sily[er^e-bis[1-(2-ethyi"4H-propyl-7-m6thylindenyl)]zirco- 
nium dichloride, rac-dimethylsliylGne-bis[1-(2-phenyl-4-i-propyl-7-methy!indenyl)]zirconium dichloride, rac-dimethyisi- 
lylene-bjs[1-(2-methylindenyl)]zirconium dichioride, rac-ethyfene-bisI1-(2,4,7-trlmethyl[ndenyl)]zirconium dichloride 
and rac-rsopropylidGne-bis[1-(2,4,7-trimethylindenyl)jz{rconium dichloride. 

[0245] Also available are compour^ds wherein zirconium is replaced with titanium or hafnium in the above-mentioned 
compounds. 

[0246] Of the above compounds, particularly preferable are compounds having a branched alky! group, such as i~ 
propy], sec-butyf or tert-butyl, at the 4-position, 

[0247] In the present invention, a racemic modification of the transition metal compound represented by the formula 
(lib) is usually used as a catalyst component, but R-form or S-form is also employable. 

[0248] The transition metai compound represented by the formula (1 1 b) can be synthesized from an indene derivative 
by a known process, for example, a process described in Japanese Patent Lald-Open Publication No, 268307/1992. 
[0249] Next, the transition metal compound represented by the formula (12) is described. 
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[0250] In the above formula, is a transition metal atom selected from Group 3 to Group 10 of the periodic table, 
preferably a transition metal atom selected from Group 4 of the periodic table, more preferably zirconium, titanium or 
40 hafnium, particularly preferably zirconium. 

[0251] Cp is a cyclopentadienyf group or its derivative that is rt-bonded to M"". 

[0252] is a ligand containing an oxygen atom, a sulfur atom, a boron atom or an element of Group 14 of the 
periodic table, for example, -Si(R222)-, -CCR^s^)-, '■S\{R^^2)^K^^^2)-^ -C{R^%)0(H^^^)-, -C(R222)C(R22^)C(R222)-, -.C 
(RS2)^C(R22)-^ ^C(R22g)Si(R222).or -Ge(R222)-, 
45 [0253] V is a Hgand containing a nitrogen atom, a phosphorus atom, an oxygen atom or a sulfur atom, for example, 

-N(R23)-, -0-, -S- or".p(R23).. 

[0254] and may together form a condensed ring. 

[0255] R22 is a hydrogen atom, an alkyl, aryl, silyl, halogenated aikyi or halogenated aryl group having up to 20 of 
non-hydrogen atoms, or a combination of such groups. R^^ is an alkyi group of 1 to 1 0 carbon atoms, an aryl group of 
50 6 to 10 carbon atom or an aralkyl group of 7 to 10 carbon atoms, or may form a condensed ring of up to 30 non- 
hydrogen atoms together with one or more R22. 

[0256] Each X"^ may be the same or different and is a hydrogen atom, a halogen atom, a hydrocarbon group which 
has 20 or less carbon atoms and may contain 1 or more double bonds, a silyl group containing 20 or less silicon atoms, 
a gemnyl group containing 20 or less gemnanium atoms or a boronyl group containing 20 or less boron atoms. 
55 [0257] Examples of the transition metal compounds represented by the formula (12) include (tert-butylamide)(te- 
tramethyhi^'-cyclopentadienyl)-1,2-ethanediylzirconium dichloride (tert-butylamide)(tetramethyl~r|^-cyciopentadi- 
enyO-i,2-ethanediyitjtanium dichiohde, {methylamide){tetramethyi"Ti3"Cyclopentadienyt)-1 ,2-ethanediylzirconium 
dichloride, (methyiamide)(tetramethyl-n^-cyclopentad^enyl)-1 ,2-ethanediyltlnanium dichloride, {ethylamide)(tetrame- 
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thyi-ii^-cyclopentaciienyl)nnethyienetitaniurn dichloride, (tert-butylamide)dimethyi(tetramethyl-i-|S-cyc!opentadienyl)s!- 
lanetltanium dichloride, (teit-bulylamide)dimethyl(tetramethyk}S-cyclopentadieny[)slIane2irco^ dichioride, (benzy- 
lamide)dimethyl(tetramethyHi5'cyclopentadienyl)sllanetitanium dichioride and (phenyJphosph[de)dimethyl(tetrame- 
thyl-i^5-cyclopentadi8nyl)silanezirconium dibenzyl. 

[0258] Next, the transition metal compound represented by the formula (13) Is described. 




. (13) 



[0259] In the above formula, M'^ Is a transrtlon metal atom selected from Group 3 to Group 1 0 of the periodic table, 
^ preferably a transition metal atom selected from Group 4 of the periodic tabie, more preferabty titanium, zirconium or 
hafnium, particularly preferably zirconium. 

[0260] to H^^, R^'^ to R^^, and R*"* may be the same or different and are each a hydrocarbon group of 1 to 40 
caHaon atoms, a halogenated hydrocarbon group of 1 to 40 cartoon atoms, an oxygen-contain rng group, a sulfur-con- 
taining group, a silicon-containing group, a halogen atom or a hydrogen atom; of the groups indicated by R''^ R''^, R"^^, 
■^5 Rt4 pi7^ p^ia^ pi9^ R20and R'^^ a part of the groups neighboring with each other may be bonded to form a nng together 
with carbon atoms to which those groups are bonded (except a case where all of R''^ R''^^ r13^ f{^4 f^i? ris pi9^ 
R20and R'*^ are hydrogen atoms and a case where R'^^ or R13 is a tert-butyl group and the residual R^"^, R"'^, R^^, R^^, 
Bi7^ R18, R19, R20 ^nd R^^ are hydrogen atoms). 
[0261] Examples of hydrocarbons of 1 to 40 carbon atoms are 

30 

alkyi groups of 1 to 20 carbon atoms such as methyl, e-fiiyl, propyl, butyl, hexyl. cyclohexyl, octyl, nonyl, dodecyl 
and eicosyl; 

aryl groups of 6 to 20 carbon atoms such as phenyl, a- or p-naphthyl, biphenylyl, anthryi and phenanthryl; 

aryl alky! groups of 7 to 40 carbon atoms such as benzyl, phenyiethyi, phenylpropyl, phenanthryl methyl, phenan- 

35 thrylethyl and phenanthrylpropyi; 

aryl alkenyl groups of 8 to 40 carbon atoms such as vinylphenanthryl; 

alkyi aryl groups of 7 to 40 carbon atoms such as methylphenanthryl. ethylphenanthryl and propylphenanthryl; and 
alkenyl groups of 2 to 10 carbon atoms such as vinyl, propenyl and cyclohexenyl, 

^0 [0262] Examples of the halogenated hydrocarbon groups of 1 to 40 carbon atoms include groups wherein the above- 
mentioned hydrocarbon groups of 1 to 40 carbon atoms are substituted with halogens. 

[0263] Examples of the oxygen-containing groups, the sulfur-containing groups, the silicon-containing groups and 
the halogen atoms include the s^ne groups and atoms as previously described with respect to R^s^ R^, R27 and R^s 

in the formula (11). 

45 [0264] X"" and X2 may be the same or different and have the same meanings as those of X"^ and X2 in the formula (11). 
[0265] Y1 has the same meaning as that of Y"^ in the formula (11). 

[0266] Examples of the transition metal compounds represented by the formula (13) include isopropylidene-(cy- 
ciopentadienyl)(fluorenyl)zirconium dichloride, dimethylsilylene-(3-tert-butylcyclopentadlenyf){fluorenyl)2lrconlym 
dichloride, isopropylidene'-(3-tert-butylcyclopentadtenyl)(f!uorenyl)zirconium dichloride, isopropylidene-(cyclopentadi- 

^ enyl)(2,74ert-butylf!uorenyl)zirconlum dichloride, dimethylsilylene-(2-methyl*cyclopentadienyl)(2,7-tert"biitylf!uorenyl) 
zirconium dichloride, dlmethy!s!iylene"(2"methyfcyclopentadienyl)(f}uorenyl)zirconium dichloride, dimethylsilyiene-(cy- 
clopentadlenyl)(2,7-tert:-butylfluorenyl)zirconium dichloride, isopropylidene-(2-methyl-cyciopentadienyl)(2,74ert** 
butylfluorenyi)zirconlum dichlonde, isopropylidene-(2-methyl-cyclopentadienyl)(3,6-tert-butyifluorenyl)zirconium 
dichloride, d!methylsiiylene-(2-methy!"Cyclopentadienyl)(3,6-tert-butylfluorenyi)zirconlum dichloride and diphenyl- 

55 m6thylene{cyciopentadienyl)(fiuorenyl)zirconmm dichloride. 

[0267] Also available are compounds wherein zirconium Is replaced with titanium or hafnium in the ^ove-mentioned 
compounds, 

[0268] Next, the transition metal compound represented by the formula (14) is described. 



42 



BNSCX)CID; <EP __tl8e619A2J._> 



EP1 186 619 A2 



5 



10 




. , . {14) 



[0269] in the above formula, W is a transition metal atom selected from Group 3 to Group 1 0 of the periodic table, 
T5 preferably a transitton metal atom selected from Group 4 of the periodic table, more preferably titanium, zirconium or 
hafnium, particuiarly preferably zirconium. 

[0270] R"^"", |::^41 ^x\d R^^S r^ay be the seme or different and are each a hydrocarbon group of 1 to 40 carbon 
atoms, a halogenated hydrocarbon group of 1 to 40 carbon aioms, an oxygen-comaining group, a sulfur-containing 
group, a silicon-containing group, a haiogen atom era hydrogen atom. 
50 [0271] Ex^ples of the hydrocarbon groups of 1 to 40 caii)on atoms include the same groups as previously described 
with respect to R""! to R"^^ R^^ to R^o and R^i in the formula {13). 

[0272] Examples of the oxygen-containing groups, the sulfur-containing group, the stiicon-contaming groups and the 
halogen atoms include the same groups and atoms as previously described with respect to R25, R^e^ ^27 psa jp 
the formula (11). Of the groups indicated by R^^ R^^, r41 and a part of the groups neighboring with each other 
■^5 may be bonded to form a ring together with carbon atoms to which those groups are bonded. Of the groups indicated 
by , Pi^^, R"^^ and R'^^, a part of the groups neighboring with each other may be bonded to form a rfng together with 
carbon atoms to which those groups are bonded. 

[0273] X"^ and may be the same or different and have the same meanings as those of and in the formula (11 ). 
[0274] has the same meaning as that of Yi inthe formula (11), but when all of R^i , R^2^ R'^"* and R^^ are hydrogen 

30 atoms, is not ethylene. 

[0275] Exampfes of the transition metal compounds represented by the formula (14) include Ethylene[2-methyl-4 
(9-phenanthryi)-1 -indenyl](9-fluorenyl)zirconium dichlohde, Elhylene[2-methyl-4(9-phenanthryl)-1 Hndeny]](2 J-dime- 
thyi-9-fluorenyl)zirconium dichlohde, Ethy!ene[2-methyM(9-phenanthryl)-1-indenyl](27-di-t-butyi-9-fiuorenyl)zirconl- 
um dichioride, ethylene(2-methyl-4,6-benzo-1-lndenyl)(9-"ffuorenyl)2lrconium dichloride, ethylene(2-methyl-4,5-ben2o- 

35 1''indenyl)(2.7-dlmelhyl-9-nuorenyl)zirconium dichloride, ethylene(2-methyt-4»5-benzo-1 -indeny^)(2,7-di-^biiL■yl-9-flu- 
orenyj)z]rcomum dichlonde, ethy}ene(2-methyl-4,5-benzo-1-tndenyl)(2,7-dibromo-9-fluorenyi)zirconium dichloride, 
ethyfene{2,6-dimethyl-4,5-benzo-lHndenyO(2,7-di-t-butyi-9-fiuorenyl)zirconium dichloride, ethyjene(2,6-dimethyl- 
4,5-benzo-1 -indenyl)(2,7-dibromo-9-fluorenyl)zjrconium drchloride, ethylene{2-methyl-a-acenaphtho-1 Hndenyf)(9-flu- 
orenyl)zirconium dichloride, ethylene(2-methyl-a-acenaphtho-1 -indenyl){2.7-dimethyi-9-fluorenyl)2irconium dichio- 

40 ride, ethylene{2-methyl-a~acenaphtho-1-indenyl)(2,7-di-t-butyl 9-f!yorenyl)zirconium dichloride, dimethyfsilyiene 
[2-methyl-4(9-phenanthry!)-iHndGnyl](9-fiuorenyl)zirconium dichloride, dimethylsilylene[2-n-propyl-4(9-phenanthryl)- 
1-mdenyl](9-f!uorenyl)zirconium dichloride, dlmethyls[lylene[2-methyl-4(9-phenanthryl)-1-lndenyl](2,7-dimethy!-9-Tlu~ 
orenyl)zirconium dichloride, dimethy)sifylene[2-methy!-4(9-phenanthryl)-1 ~inderiyf](2,7-di4-bLityi-9-fluorenyl)zirconium 
dichlonde, dimethylsi(ylene{2~methyf-4,5-benzo-1-indenyl)(9-fiuorenyl)zirconium dichloride, dimethylsilylene(2-me- 

45 thyi-4,5-benzo-1-indenyl)(2,7-dimethyl-9-fliiorenyf)zlrcQnlijm dichloride, dlmethytsilyiene(2-methy!-4,5-benzo-1-inde- 
nyl) (2,7-di-t-butyl-9-fluorenyl)zirconium dichloride, dimethylsily[ene(2-methyl-G-acenaphtO''1-indeny[)(9-fluoreny})zir- 
conium dichloride, drmethylsilylene(2-methyi-a-acenaphto-^i Hndenyf){2,7-dimethyl-9-f]uorenyi)zircon[um dichloride, 
dimethylsilylene(2-methyi-a-acenapiito-1-rndenyl)(2,7-cli-t-butyl^9-f)uorenyl)zirconium dichloride, diphenylsllylene 
[2-methyl-4(9-phenanthryi)-1-indeny[](9-fluorenyl)2irconium dichloride, diphenylsilylene[2-methyl-4(9-phenanthryl)- 

50 1-lndenyl](2,7-dimethyl-9-fluorenyl)z!rconium dichloride, djphenylsilyiene[2-methyl-4(9-phenanthryl)-1-indenyl](2,7-di- 
t-butyi-9-fluorenyi)zirconium dichloride, diphenylsllylene(2'-methyl-4:5-benzo-1 -indeny!)(9-ftuoreny!)zirconium dichlo- 
nde, diphenylsilylene{2-methyl~4,5-benzo-1 Hndenyl)(2,7-^dimethyl-9-fluorenyl)zlrconium dichloride, diphenylsllylene 
(2-methyl-4.5-benzo-1-indenyi)(2,7-di-t-butyl-9-fluoreny])zirconium dichioride, dlphenylsilytene (2-methyl-a- 
acenaphto-1-indenyl) (9-fluorenyl)zirconium dichioride, diphenylsjlylene(2-methyl-a-acenaphto-1 -indenyl)(2,7-dime- 

55 thyt-9-fluorenyl)zircpriium dichloride, diphenylsilyiene{2-methyl-a-acenaphto-1 -indenyl) (2,7-di-t-butyl-9-fiuorenyl)zir-^ 
conium dichloride, methylphenylsilylene[2-methyl-4{9-phenanthryl)-1 -mdenyl](9-fluorenyl)zirconium dichlonde, meth- 
y!phenylsllylene[2-methy]-4(9-phenanthryl)-1-indenyl](2,7-dimethyl-9~f^yor€nyl)zirconlum dichloride, methyiphenylsi- 
lylene[2-nnethyl-4(9-phenanthryl)-1-indenyf]{2.7-dl-t-butyl-9-fluorenyl)zirconium dichioride, methylphenylsllylene 
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(2-methyl-4,5-benzo-1 -incieny!)(94luoreny!)2lrconiym dichloride, methylphenylsilylene(2-methyl-4,5-benzo-1 -indenyl) 
(2J-dimethyl-9-flyorenyl)zirconium dichloride, methylphenylsilylene(2-methyl-4,5-benzo-1 •'indenyl}(2,7-di-t-butyl- 
9-flyorenyi) zirconium dichloride, methylphenylsilyiene{2-methyl-a-acenaphto-l -indenyl)(9-fiuoreny])zirconium dichlo- 
rlde, methylphenylsilytene(2-methyl-a-acenaphto-1-indenyl)(2,7-dimethyl-'9-f]uorenyl)z dlchlohde, methyf- 

phenyisiiylene(2-mothyl-a-acenaphto-1-indenyl)(2,7-dht-butyl-9-fluorenyl)zirc^ drchloride, ethylene[3"methyi-4 
(9-phenanth?y[)-1 -lndenyi](9-fluorenyl)zlrconium dichlonde, ethylene[3-methy!-4(9-phenanthryl)-1 -indenyl](2,7-dime~ 
thy!"9-fiuorenyi)zirconium dichloride, ethy!enet3-methyl-4(9-phenanlhi7!}-1 Hndenyl](2,7-di'l-bulyh94!uorenyl)z]rconi- 
um dichloride, ethylene (3 -methy!-4,5-benzo-1- in deny!) (9-fluorenyl)zircon I um dichloride, ethy!ene(3-methyi-4,5-benzo- 
1 -indenyl){2,7''dimethyl-9-fluoreny!)z[rconium dichforlde, ethylene(3-methyl-4,5~benzo-i -indenyl)(2,7-di-t-butyl-9-fiu- 
orenyf)zirconium dfcliloride. ethylene(3-methy!-<x-acenaphto-1 -Indenyl) (94luoreny\)ziroon\um d[chloride, ethylene 
(3-methyl-a-acGnaphto-1 -IndGnyl) (2,7-dimethyl-9-f!uorenyl)zirconiynn dichiorido, ethylene(3-methy!-a-acGnaphto- 
1 -indenyi){2,7-di-t-butyl-9"f luorenyOzirconium dichloride, dimethy[siiylene[3-methyt-4(9"phenanthry[)-1 -indenyl] {9-f iu~ 
orenyl)zirconium dichlonde^ dimethy!si!y{enG[3-nriethy!-4(9"phenanthryl)-1 -jndenyl](2 J-dimethyl-9-fEuorGnyl^ 
dichloride, dimethy]sily!ene[3-methyl-4{9-phenanthryl)-1 -indenyl){2,7-dj-^butyl-9-f!uoreny^)zirc^ dlchloride, 
dimethylsilyl6ne(3-methyl-4,5»benzo-1-indenyl)(9-fluorenyl)zirconlum dichloride, dimethyls}iy!en6(3-methy!-4,5-ben- 
zo-1 -indenyl)(2,7-dimethyl-9-fluorenyl}zirconium dlchlorlde, dimethyisilylene(3-nnethyl-4,5-benzo-1 -indeny!)(27-di-t- 
butyl-9-f luor6ny!)zirconium dichlorlde, dimethyls}lylene(3-methyl-cjt~acenaphto-1 -mdenyi)(9-fiuorenyl)zirconium dichlo- 
ride, dinnetliy!sNylene(3-methyl-a-acenaphto-1-indenyl)(27-drnnothyl-9'fluorenyl)zirconiu dichloride, dimethylsi- 
(yiene{3-methyl-a-acenaphto-1-mdenyS)(2,7-di-t-butyI-9-fluorenyl)zlrconium dichloride, diphenylsilylenGt3-methyl-4 
(9-phenanthryl)-1-]ndenylK9-fluarenyl)2irconium dichtoride, diphenylsily!ene[3-methyl-4{9-phenanthryi)-lHndenyij 
(2,7-dimethyi-9-fluorenyl)zirconiym dichlonde, d^phenylsHylenQ[3™methy!-4(9-phenanthryl)-1 -indenyl](2,7-di-t-butyl- 
9-fluorenyl)zirconium dichloride, diphef>yls[!yiene(3-methyM,5-benzo-1 -indenyl)(9-f!uorenyl)2ircomum dichloride, 
diphenylsilyiene(3-methyl-4,5-benzo-1-indeny!)(2,7-dimethyl-9-flyorenyl)zirconiunr} dichloride, dlphenylsnylene(3-me' 
thyl-4,5-benzo-1 -indenyl)(2,7-di-t-butyl-9-fluorenyl)2irconium dichloride, diphenylsilylene(3-methyl-a-acenaphto-1 -in- 
denyl)(9-fluorenyl)zirconlum dichloride, diphenylsilylene(3-methyl-a-acenaphto-1 -indenyl)(2,7-dimGthyl9-fluoreny!) 
zirconium dichloride, diphenylsiiylene(3-methyi-a-acenaphto-lHndenyl)(2,7-di-t-butyl-9-f}uorenyl)zirconium dichloride, 
methylphenylsilylene[3-methyl-4(9-phenanthryl)-lHndenyi](9"fiuorenyi)zirconium dichloride, nriethyiphenylsilyiene 
[3-methyl-4(9-phenanthryl)-1-jndenyl](2J-dimethyl-9-fluorenyl)zlrconium dichloride, nnethylpheny!si!ylene[3-methyM 
(9-phenanthryi)-1-indenyl](2,7-dr-t"butyl-9-fluorenyl)zirconium dichloride, nnethylphenylsilyiene(3-nnethyl-4,5-benzo-' 
1 -indenyl)(9-f luorenyl)zirconium dichloride, nnethylphenylsilylene(3-methy!-4,5-beiizo-1 -indenyl)(2,7-djmethyl-9-flu- 
orenyi)zircoBium dichloride, methylphenyisilylene(3-metriyi-4,5-benzo-1 -indenyl)(2,7-dl-t-butyl-9-fluorenyf) zirconium 
dichloride, methylpheny!silylene(3-methyl-a-acenaphto-lHndenyl) (9-fluorenyi)zirconlum dichloride, methylphenylsi- 
lylene (3-methyl-a-acenaphto-1-mdenyl) (2,7-dimGthyl-9'fluorenyl)zlrconlum dichloride, methytphenylsl^ylene (S-me- 
thy1-a-acenaphto-1 -indenyl) (27-di-t-butyl-9-fluorenyl)zirconium dichloride, ethylene(2-methyl-4,5-benzo-1-lndenyf) 
(2,7-dUnmethylsiiyl-941uorenyl)zirconium dichlonde, ethy]ene(2,6-dimethyl-4,5-b8nzo~l-indenyl)(2,7-di-t-butyl-9-nu- 
orenyl) zirconium dichloride, ethylene(2,7-d}nnethyl-4,5-benzo-1 -indenyl)(2,7-di-t-butyl-9-fluorenyl)zirconium dichlo- 
ride. ethylene(2,7-dimethy{-4,5-(2-methyhbenzo)-1-indenyl) (2,7-di-t-butyl-9-fluorenyl}zirconFunri dichloride, dimethyls- 
ilyl^e(2-rTiethyl-4,5-benzo-1-indenyl)(27-dftrimethy]silyl-9-fluorenyl)zirconiurn dichloride, dimethyls llylene(2-methy I- 

4.5- benzo-1 ~indenyi)(2,7"di t-buty^9-1luorenyl)zircon}um-bis(methanesu!fonate), dimethylsiiyiene(2-methyl"4,5-ben- 
zo-i-indenyl)(2,7~di-t~butyl-9-tfuorenyl)zirconium"bis(trifiuoromethanesulfonate), dimelhylsilylenc(2,6-dimothyl- 

4.6- benzo-1 -indenyi){2,7-di{tnmethylEilyl)-9-fluorenyi)zirconmm dichloride, dimethylsilylGne(2,6»dimGthyi-4,5-benzo- 
1-indenyl)(2,7-d[(lrimethylsiiyi}'9"fluorenyl)zirconium-bis(methanesuifonate), d]methylsilyiene(2,6-dimethyM,5-b6n- 
zo-1"indenyl)(2,7~di(trtmethylsilyl)-9-fluorenyl)zircon{um-bis(trifluoromethanesulfonate), dimethylsi)y]ene(2,6-d^me- 
thyl-4,5-benzO"1-indenyl)(2,7-di-t-bijtyI-9-fluoreny])zirconium dichloride, dimethylsilylene(27-dimethyl-4.5~ber!Zo- 
1-indenyl)(2,7-di4'-buty!'-9-fluorenyl)zirconium dichloride, dimethyIsily!ene(2,7-dlmethyl-4,5-(2-methyl-benzo)-1 -inde- 
nyl)(2,7-di-t-butyl"9-fluoreny!)zirconium dichloride. dimethyisilyiene(2-methyl-4,5-benzo-1 'indenyl)(2,7-dibromo-9-flu- 
orerryOzirconium dichloride, dlmethylsilylene(2,6-dimethyl-4,5-benzo-1 -indenyl)(2,7-d[bromo-9-fluorenyl)zirconium 
dfchforide, dimethyls1iylene(2-methyl-4,6-benzo-1 -indenyl){2,7-dl-t-butoxy-9-f!uoreny[)zirconfum dichloride, dimethyls- 
ilylene(2,6'dlmethyl-4,5-benzo-1 -indenyi)(2,7-di-t-butoxy-9-fiuorenyl)zirconium dichloride, dimethylsllyleiie{2-methyl- 
4,5-benzo-1 -indenyl)(2,7-diphenyl-9-fluorenyl)zirconium dichloride, dimethylsilyiene(2,6-dimethyi-4,5-benzo-1 -inde- 
fiyl)(2,7-diphenyl-9-fluorenyi)zircon!ym dichloride, dimethylsilylene(2-methyi-4,6-benzo-1-indenyl}(2,7-di-i-propyl- 
94luorenyOzirconium dichloride, dimethylsilylene(2,6-dimethyl-4,6-benzo'1'indenyi)(2,7-di-i-propyl-9-fiuorenyl)zirco- 
nium dichloride, dimethylsilylene(2,6-dimethyl-4,5-benzo-1-indenyl)(2,7-dimethy[-9-fluorenyl)zirconium dichloride, 
dimethylsi]ylene(2,6-dimethy!-4,5-{1-methyl-benzo)-lHndenyl)(2,7-di-t-butyN9'fluorenyl)zirconiurn dichlonde, dimeth- 
ylsilylene(2y-dimethyi-4,5-(2-rnethyl-benzo)-1-indenyl)(2y-di(triniethyisilyl)-94luorenyl)zirconium dichloride, d(meth- 
ylsilylene(2,7-dimethyl-4,5-(2-methyl-benzo)-1-indenyl)(2,7-dibromO''9'-fluorenyl)zirconiunn dichloride, drmethylsl- 
lylene(2,7-dimethyl-4,5-(2-methyl-benzo)-1-indeny!)(2,7-di-t-butoxy-9-fluorenyl)zircontum dichloride, dimethylsilyiene 
(2J-dlmethyl-4,6-(2-methyl-benzo)-1-indenyl)(2,7-diphenyl-9-fluQrenyl)zirconlum dichloride, dlmethylsilylene 
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(2J-dlm6thyl-4,5-(2-methyi-benzo)-1^indenyl){27-di-i-propyl-9-fluoronyi)^ dlchloride, dimethylsilyiene 

(2,7-dlmethyl'4,5'(2-methyl~benzo)-1-indenyl)(2,7-dimethyi-94luoreny!)zi^ dichloride, dimethylsilyiene 

(2J'djmethyl-4.5™(1-methyi-benzo)-i-indenyl)(2,7~di4-butyl-94luorenyOzjrconjum dichloride, dimetliyisllylene 
(2,7-dfmeihyl-4,5-{1*methyl-benzo)-l-jndenyl)(2,7"dt(trimethylslly[)-9^^^ dichloride, dimethylsilyiene 

(2,7-dtmethy}-4,5-(1'mGthyl-benzo)-1-lndenyl)(2,7-'dlbromo-9-fluorenyl)zirconlum dichloride, dimethylsilyiene 
(2,7-dlmelhyt-4.5~(1-methyl-benzo)-1-indenyl)(2T-dK-bL[tQxy-9-nuorenyl)zirconEym dichloride, dimethylsilyiene 
(2,7-d^me^hyl-4,5^(1^methyl-benzo)-1-indenyl)(2,7-diphe^y}-9>fluo^e^y])^irconium dichloride, dimethylsilyiene 
(2,7~dimethyt-4.5"(1-methy!-benzo)-1-indenyl) (2,7-di-i-propyl-9-'fiuorenyI)zirconium dichloride, dimethylsilyiene 
(2,7~dimethyl-4,5-(1 -methyl-ber^zo)-1 -indenyl)(2,7-dimethyl-9-fiuorenyi)zirconium dichloride, dimethylsl}ylene(2-me- 
thyi-4,5-benzo-1-indenyl)(2,7~dibromo-9-fluorenyl)zirconium-bis{methanesulfonate), d!methylsllylene(2,6-dimethyl- 
4,6-benzo-i-indcnyl)(2,7-dibromo-9-fluorGnyl)zlrconium''bis(methanesuJfonate), dimethylsllyienG(2-mGthyh4,5-ben- 
zo-1-lndonyl){2,7-di™t-butoxy"9"ftuorenyl)zirconium-bis(mGthanesiilfonate), d]methyls!lylGne(2,6-dimethyl-4,5 benzo 
1-indenyl)(2,7'di"t-butoxy-9-fiuoreny!)^irconium--b!s(methanesulfonate), difnGthylsllylene(2-methyl'4,5-benzo-1-inde- 
nyl)(2J-diphenyl-9"fluorenyl)zirconium-bls(methanesulfonate), dimethyisiiy]ene(2,6-dimethyi-4,5-benzo-1-indenyl) 
(2,7-diphenyl-9-fluorenyl)zirconium-bis(methanGSUIfonate), dimethylsllylene(2-methyl-4,5-ben2o-1-lndenyl)(27'dl-i- 
propyl-9-fluorenyl)zlrconium-bis(methanesulfonate), dimethylsilylene(2,6^dimethyl-4,5-benzo-1 -indenyl)(27-diH"pro- 
pyl-9-fluorGnyl)zirconmm-bis(methanesulfonate), dimethyisi{ylene(2,6-dimGthyi~4,5-berzo-1-indenyl)(2.7-dimethyl~ 
9-fluorenyl)zirconium-bis(methanesuffonae), dimethylsilylene(2,7~dimethyl-4,5-(2-methyl-benzo)-1 -indenyl)(2,7-di(tri- 
methylsilyl-9-fluoreny!)zirconium-bls(methanesulfonate). dimethylsilylene(2,7-dimethyl-4,5-(2-methy!-benzo)-1-jnde- 
ryl)(2,7-dlbrGmo*9-fluorenyl)zlrconium-bis(methanesu}fonate). dlmethylsilylene(2,7-dfm9thyl-4,5"(2-mGthyf-benzo)- 
1-indenyl)(2,7-d[-t-butoxy-9-f1uorenyl)zirconium'b!s(methanesuifonate), dimethy!si!ylene{27-drmethyl-4,5-(2^methyl- 
benzo)-1-lndenyl}(2,7"diphenyl-9-f!uorenyl)zirconium-bis(methanesu!fonate)jdimethylsflylene(2J-dim 
thyl-benzo)-1-mdenyl)(2,7-di-i-propyl-9~fluorenyl)zirconium-bis(methanesulfonate), d[methylsiiylene(2,7-djmethyl- 

4.5- (2-methyl-benzo)-1-indenyl)(2,7-dimethyl-9-fluorenyl)zirconium-bis{methanesulfonate), dimethylsilyiene 
(2jHdimethyl'4,5-(1-nnethyl-benzo)-1-mdenyl)(27-di-t-burtyl-9~fluorenyl)zlrc^ dimethylsi- 
lyiene(27-dimethy!A5-(1-methyl-benzo)-1-indenyl)(27-di(trimethylsilyl)-9-fluorenyl)zirconium-b^^^ 

fonate), dimethylsllylene(27-dimethyl-4,5-(1 -mGthyhbenzo)-1>indenyf)(27-dibromo-9-f!uorenyl)zirconium-bis(^ 
anesulfonate), dimethylsilyiene(2.7-dimethyl-4,5'(1"methyl-benzo)-lHndenyO(2,7-dj-t-butoxy-9-fluorenyl)zirconium" 
bis(methanesulfonate), dlmethylsifylene(2,7'-dlmethyl-4,5"(1-methyl-beriZO)-1-indenyl)(2.7-dipheny[-9-fluorenyl)zlrco- 
nium-bis{m8thanesulfonate)> dimethylsiiylene(2,7-dimethyl-4,5-(1-rnethyl-benzo)-lHndenyl){2,7-di-i-propyl-9-fluore- 
nyl)zirconFum-bis(methanesulfonate), difnethylsilylene(2y-dimethy!-4,5-(1 -methyl-benzo)-1-indenyl)(27-dimethyl- 
9-fluoreny[)zirconium'bis(methanesulfonate), djnr}ethy!s!lylene(2-methy!"4,5-benzo-1 -!ndenyl)(2,7-djbromo- 

9-(4,5-methylenephenanthryl))zirconium dichloride, dimethy[sllylene(2,6-dimethyl"4,5^benzo-1 -indeny})(2,7-dibromo- 
9-(4,6-merhylenephenanthryl))zirconlum dichloride, dimetnylsllylene(2-methyl-4,5'-benzo-1-lndenyO(2,7-di-t-bytoxy- 
9-(4,5-melhylenephenanthry^))zlrconium dichloride, djmethylsi!ylene(2,6-d3methy!-4,5"benzo-1 -indenyl)(2,7-dj-t-bu- 
taxy-9-(4,5-methylenephenanthryl))zirconium dichloride, dimethyls[!ylene(2-methyi-4,5-benzo-1 -indeny!)(2,7-diphe- 
fiyl-9-(4,5-methyienephenanthryi))zirconium dichloride, dimethyisilylene{2,6-dimethyl-4,5-benzo-1-indenyl) 
(2,7-diphenyl-9-(4,5-methylenephenanthryl))zlrconium dichloride, dimethy!sjlylene(2-methyl-4,5-benzo-1-rndenyl) 
{2,7-di-i-propyl~9-(4,5-methylenephenanthryl))zirconlLrm dichloride, dimethylsilylen©{2.6-dtmethyi-4,5-benzo 1-inde- 
ny!) (2,7-dj-i-propyi"9"(4,5'm0thy!enephenanthryl))zirconium dlchforlde, dimethylsiiyFene{2,6-dimethyl-4,5-benzo-1 -In- 
denyl)(2,7-dimethyi"9"'(4,5-methylenephenanthryl))z[rconium dichloride, dimethy!silylene(2,7-dimGthy!-4,5-(2-methyl- 
benzo)-1-indenyl)(2,7-di(trimethylsilyl)~9-(4,5-methylGnGphenanthryl))z[rconium dichloride, dimethylsllylene{2,7-dirne- 
thyi-4,5-'(2»mGthyl-benzo)-1-lndGnyl)(2,7-dibromo-9-(4,5-methylenGphenanthryl))zirconjum dichloride, dimethyisl- 
tylene(2,7'dimethyl-4,5-(2-methyl-benzo)-14nd©nyl)(2.7-di4-butoxy-9-(4,5-methy!enepher^anthryO dichlo- 
nde, dimethyisilylene(2y-dimeThyl-4,S-(2-methyl-b6nzo)-i-tndenyl)(2,7-diphenyl-9-(4,5-m6thy!enephGnanthryl))zirc 
nlum dichionde, dimethylsilylene(2,7-dimethyl-4,5'-(2-methyl-benzo}-1-mdenyl)(2J-di-i-propyl-9-(4,5-methy^ 
anthryl))zirconiumdlchioride,dimethylsi!ylene(2,7^dimethy!-4,5-(2-methy!-benzo)-1-indenyl)(2.7-^ 
ylenephenanthryl))zirconium dfchloride, drmethylsi[ylene(2,7-dimethyf-4,5-(1 -mGthyl-benzo)-1 -indenylH2,7-di-t*butyl" 
9-(4,5-methyleneph8nanthryf))zlrconium dichloride, dimethylslly[ene(2,7~dimethyl-4,5-(1-methyl-benzo)-1-indenyl) 
(2,7-di-trirnethylsHyI)-9-(4,5-methylenephenanthryl))zirconium dichloride, dtmethylsilylen6(2,7-dlmGthyM,5-(1-methyl- 
ben2Q)-1-[ndenyl)(2,7-dibromo-9-(4,5-methylenephenanthryl))zirconium dichlorrde, dimethy}silyleiie(2,7-dimethyl- 

4.6- (1 -methyl-b0nzQ)-1 -[ndenyl)(2,7~di-t-butoxy^9'^(4,5-methyienephenanthryl))zirconium dichloride, dimethylsilyiene 
(2,7-d!methy^4,5~(1-methyl-benzo)-1-indeRyl)(2,7"diphenyl-9-(4,5-methy(enGphenarithtyl))zirconium dichloride, 
dtmothylsilylene(2J-dimethyl-4,5-(1-methyi-benzo)'^1~indenyi)(2,7-di-i-propy!-9-{4,5-methyienephenanth 

um dichloride. dimethyisiiyiene(2,7-dim0thyM,5-{1 -methyl-benzo)-1 Hnder>yl)(2,7-dimethyl-9-(4,5"methyler}epheRan- 
thryl))zirconium dichloride, dimethyisilylene(2-methyl-4,5-benzo-1 -indGnyf){27-di-t-butyl-9-(4,5-mQthy[enephenanthr- 
yl))z^rconium dichloride, dimethylsilyiene(2'methyS-4,5-benzo-1-lndenyl)(27-di(trimethylsiiyf)-9-(4,5-.melhylenept^ 
anthryl))zirconiurT)dichioride,dimethyfsiiylene(2,6-dimethy]-4,5-benzo-1'-indenyi){2,7-di-t-buty1-9-(^ 
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anthryl))zirconiunn dichlorjde, dimethv Mene(2,6-dimethy!-4,5-benzo-1 Hndenyl)(2,7-di(trimethylsHy[)-9-(4,5-methy}- 
enephenantbrj/l)}zirconium dfchloricv ;:s;methylslly[ene(27-dimethyi-4,5-{2'mGthyl'benzo)-1 -indenyl)(^ 
9-(4,5-methylenephenanthryl))2ircor djchlorlde, d[methylsily[ene(2 J-djmethy!-4,5-(2-methyi-benzo)-1-indenyl) 
(2,7-di(trimethylsilyl)-9-(4,5-methyie':v-^^^^^^^ dichloride, dlmethy!methylene(2-methy!-4,5-ben20- 

lHndenyf)(2J-dlbromo-9-fluorenyl)zjrconiumdich!oride,dimethy!methy!^ -indenyi)(2,7-di- 
bromo-9-f[uorenyl)zirconium dichionde, dimeihylmeihy!ene(2-methyf~4,5-benzo-1-mdenyj)(2:7-dM-bul:oxy-9-nyore-- 
nyi)^irconium dichloride, dlme1Jiy}methylene(2,6-dimethyl-4,5-benzo-1 -indenyl)(27-di4-butoxy-9-fl^ 
dichloride, dimethylmethylene(2-msthyl"4,5-benzo-1 -indenyl)(2,7-diphenyh9-flijoreny0zircanlum dichlonde, dimethyi- 
methyfene(2,6-dlmethyl-4,5-benzo-lMndenyl)(2y-dlphenyl-9-fluorenyl)zirconiu^ dichloride, dimethylmethylene 
(2-methy!-4,6-ben20"1-jndeny]){2,7-di-i-propyl-9"-fluorer>yl)zirconium dfchloride, dimethylmethy!ene(2,6-din-iethyl- 
4,6"benzo-1-indeny!)(2;7-d!"i-propy!-9-fluorenyi)z}rconlum dichloride, dimcthy!methylene(2,6"dimethyl-4,5-benzo- 
1 Hndony!)(2,7-d!methyl-9-fiuorenyOzifGonium dichlonde, djmethyimethylGne(2,7-dimethyM,5-(2"mGthyi-benzo)-1 -in- 
denyj)(2,7-di(trimethyJsilyl)-9-fluorenyl))zircon;um dichloride, dimGthylmGthyl©ne(2,7-dimethyl>4,5-(2-methyl-benzo)- 
1 -indenyi)(2,7-dibromo-9-fluor©nyl)2irconium dicliloride, dlmethylmethylene(2,7-dimethyl-4,5--(2--iTiethy!-benzo)~1 --in- 
denyl)(2,7-di-t-butoxy-9-fiuoreny1)2irconlum dichlorjde, dlmethylmethylenG(2 J-dimGthyl-4,5-(2-metl^yl-ben2o)-1»inde- 
^y^)(2,7-diphenyl-9-f^]Jo^enyl)zirconium dichlonde, dimethylmethyiene(2 J-dimetiiyl-4,5-(2-methy!~benzo)-1-indGnyi) 
(2,7-di-i-propyl-9-fluorenyl)zirconium dichloride, dimathylmethylene(2 ,7*dimethyl-4,5-(2-merhyl-benzo)-1 -indenyl) 
(2,7-dimethyl-9-fluorenyl)z!rconium dichbhde, d}methylmethylene(2,7'-dirnethyi-4,5-(1 -methyl-benzo)-1-indeny!) 
(2J-di-t-butyl-9-fluorenyi)zirconium drchlorlde, dimethylnnethylene(2,7-dimethyj-4.5'-(1 -rnethyl-benzo)-1 -indenyl) 
(2,7-d!(trimethylsilyl)-9-fluorenyl)zirconium dichloride, dimethylmethylene{2,7-djmethy!-4,5-(1 -methyi-benzo)-1 nnde- 
nyi)(2J-dibromo-9-fluorenyl)zirconium dichloride, dimethy!methylene(2,7-dimethyl-4,5-(1 -methyl-benzo)-1-indenyl) 
{2,7-df-t-butoxy-9-f!uorenyl)zirconium dlchioride, dimethylmethylene(2,7-dimethyl-4,5-(1-methyl-benzo)-1-indenyl) 
(2,7-dipheny!-9-fluorenyl}zirconium dichloride, dimethy[methylene(2,7-dimethyl-4,5-(1-methyl-benzo)-1 -indenyl) 
(2,7-d(-i-propyl-9-fluoreny^}zirconjum dichloride, dimethylmethylene(2,7-dimethyl-4,5-(1-methyl-benzo)-1 -indenyl) 
(2,7-dimethy!-9-fluorenyl)zirconium dichloride, dfmethy!methyienG(2"rnethyl-4,5-benzo-1 -indenyi)(2,7-di-t-butyl-9-flu- 
orenyi)zirconium dichloride, dinr^ethylmethylene{2-methyl-4,5-benzQ-1 Hndeny!){2y-di(trimethylsllyl)-9-fiuorenyl)zirco- 
nium dichloride, dimettiylnnethylene{2,6-dimethyl-4,5-benzo-1 -mdenyl){2,7-di-t-butyt-9-fluorenyl)zirconium dichloride, 
dlrriethylmethytene(2,6-diniethyl"4,5-benzo-1-lndeny!)(27-di(tiirnethylsily!)'^94lu dichloride, dsneth- 

ylmethylene(2,7-dimethyl-4,5-(2-nriethyl-benzo)-1-indenyl)(27-di4-buty!-9"f|yor dichloride, dimethyl- 

methylene{27-dimethyl-4,5-(2»methy]-benzo)-1-inderryl)(2,7>di{triniethylsiiyl)^9-fiuo^^ dichloride, 
dimethylsilylene(2~methy[-4,5-benzo-1 -indenyl) (2 J-di-t-butyh9-f^yorenyl))zirconium t|4-1 -phenyl-1 ,3-pentadiene, 
dinnethylsilylen6(2"rr{ethyl-4,5-benzo-1-indenyl)(2,7~di(trimethylsilyO-9-fiuorenyl))2irconiuni rj4-1 ,4-diphenylbytadh 
ene, d!methylsilylene{2-nnethyl-4,5"benzo-1 -indeny1)(2,7-dlbronno-9-tluorenyl)zirconlum i^4-2,4-hexadiene, dimethyls- 
ilylefie(2,6-dimethy]-4,5''benzo-1-indenyl)(2,7-di-t-butyl-9-fluorenyl}zirconium ii4-1 ,4-dipheny]-1 ,3-butadiene, dlmeth- 
ylsilylene{2,6-dirneihyl-4,5"benzO"1 -indenyl)(27-di(trimeLhylsilyl)-9-fluQrenyl))zirconiurTi ti 4-3-nnethyl-1 ,3-pentadiene, 
dimethylsilylene(2,6-d]methy]-4,5-benzo-1 -[ndenyl)(2,7-dibromo-9-f luoreny{)zirconium ii 4-2,4-hexadiene, diphenylsi- 
lylene{2-nnethyl"4,5-benzo-1-indenyl)(2.7--ditrimethyisilyl-9-f^Liorenyl)zircoriium dichloride, diphenylsilylene(2,6'-dime- 
thyl-4,5-ben2o-1-indeny])(2,7-di-t-bulyl-9-fluorenyl)zirconium dichloride, d!pheny!silylene(2,7-dimethyl-4,5»benzo- 
1 Hndenyl)(2,7-di-t"butyl-9-fluorenyl)zirconium dichloride, diphenylsilylene(2,7-djmethy!-4,5-(2~methy!"benzo)"1 nnde- 
nyl)(27-di"t-butyl-9^fluoreny!)zirconium dichloride, methylphenyisi!ylGne(2-methyl-4,5-benzo~1-indenyl)(2,7-di(tnme- 
thyl)silyl-9-fluorenyl))zirGonium dichlonde, nnethy!phenylsiiylene(2,6-d{methyl-4,6-ben2o-1 -indenyl)(2,7-di-t-butyi- 
9-fluorenyl))zrrconium dichloride, naethylphenyIsilylene(27-dinriethyl-4,5-benzo-1-mdenyl)(2,7-di-t-buiyl-9-fluorenyl)) 
2irconium dichtorrde, methyiphenylsMylen9(2,7*drrriethyi-4,5-(2-niethyl-benzo)-1 -Indenyl) (2, 7-dht-bytyl-9-^^^ 
zirconium dichloride, ethylene(2-methyl*74rinnethyisilyl-4,5-benzo-1 -!ndenyl){2,7-dht'buty!"9-nuor6ny})zirconium 
dichlorjde and dimethylsilylene(2-metjiyl-7-trimethyisily!-4,5-(1 -methyl-benzo)-1 -indenyl)(2,7"d!'1"bLityl-9-fluorenyl)zir- 
conium dichloride. 

[0276] Also available are connpounds wherein zirconium is replaced with titanium or hafniunn in ^he above-mentioned 
connpounds. 

[0277] Next, the transition metal compound represented by the formula {1 5) is described. 
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15 [0278] In the above formula, W is a transition metal atom selected from Group 3 to Group 1 0 of the periodic table, 
preferably a transition meta! atom selected from Group 4 of the periodic table, nnore preferably titanium, zirconium or 

hafnium, particular[y preferably zirconium. 

[0279] R^i and f^iay be the same or different and are each a hydrocarbon group of 1 to 40 catlDon. atoms, a 
halogenated hydrocarbon group of 1 to 40 carbon atoms, an oxygen-containing group, a sulfur-containing group, a 
20 silicon-containing group, a halogen atom or a hydrogen atom. 

[0280] Examples of the hydrocarbon groups of 1 to 40 carbon atoms includethe same groups as previously described 

with respect to R''"' to R^^, Ri^to R20 and R^^^ in the formula (13). 

[0281] Examples of the oxygen-containing groups^ thesuifur-containing group, the silicon-containing groups and the 
halogen atoms include the same groups and atoms as previously described with respect to R^^, R26^ r27 r28 jn 
25 the fomnula (11). Of the groups indicated by R^"" and F^^, a part of the groups neighboring with each other may be 

bonded to form a ring together with carbon atoms to which those groups are bonded 

[0282] andX2 may be the same or different and have the same meanings as those of X'' and in theformuia (11). 
[02831 has the same meaning as that of Y"^ in the formula (11). 

[0284] Examples of the transition metal compounds represented by the formula (15) include ethylene"-bis(fluorenyl) 
30 dimethyl zirconium, ethy!ene-bis(fluorenyl)zirconium dichloride, ethylene-bls(fluoreny!)zirconium-bis(trifluorometh- 
anesuifonate), ethy]ene-bis(fluoreny})2irconium-bis(methanesulfonate), dimethylsilylene-b[s(fluorenyi)2irconiLim 
dichloride, dlmethylsilylene-bis(fluorenyl)zirconium-bis(thfluoromethanesulfonate), dipheny!s}lylene-bis(f!uorenyl)zir- 
conium dichloride, dimethylmethylene-brs(f!uorenyl)zlrconlum dichloride, dimethylmethylene-bis(2,74ert-butylfluore- 
nyl)zirconlum dichloride, dimethylsilylene-bis(2,7-tert-butylfluofenyl)zirconium dichloride, dimethylmethylene-bis 
35 {3^6-tert-butylfluorenyl)zirconlum dichloride, drmethy!sflylene-bis(3,6-tert-buty!fluQrenyl)z!rconium dichloride, and N,N- 
dlphenylaminoboryltden-bis(fluorenyl)zrrconium dichloride. 

[0285] Next, the transition metal compound represented by theformuia (16) is described. 



40 



45 




. . , (16) 



[0286] In the above formuia, is a transition metal atom selected from Group 4 of the periodic table, specificatfy 

titanium, zirconium or hafnmm, preferably zirconium. 

[0287] R^^ W^, R"^s to R20, and R-^^ may be the same or different and are each a hydrocarbon group of 1 to 40 
carbon atoms, a halogenated hydrocarbon group of 1 to 40 carbon atoms, an oxygen-containing group, a sulfur-con- 
taining group, a silicon-containing group, a halogen atom or a hydrogen atom. 

[0288] Examples of the hydrocarbon groups of 1 to 40 carbon atoms include the same groups as previously described 
with respect to R^^ to R^^^ rit to R2o and R^^ in the formula (13). 

[0289] Examples of the oxygen-containmg groups, the sulf ur-containing group, the silicon-containing groups and the 
halogen atoms Include the same groups and atoms as previously described with respect to R^^, r26^ ^27 Q^id R^s in 
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the formula (11). Of the groups indicated by R^^, R16 ri7^ p^is^ |:^19 p20 ^^d R^s^ a part of the groups 
neighboring with each other may be bonded to form a nngtogether with carbon atomsto which those groups are bonded. 
[0290] and X^may be the same or different and have the sanne meanings as those of and in the formula (11). 
[0291] has the same meaning as that of In the formula (11). 

[0292] Examples of the transition metal compounds represented by the formuia (16) include the same compounds 
as previously exemplified with respect to the compounds of the formyla (11 a) or (11b), 

[0293] Also available are compounds wherein zirconium is replaced with titanium or hafnium in the above-mentioned 
compounds. 

[0294] The transition metal compounds (A) mentioned above can be used singly or in combination of two or more 
kinds. 



kinds, 

(B-l) Organoamuminum oxy-compound 



[0295] The organoalumlnum oxy-compound (B-1) for use in the invention may be conventional aluminoxane (also 
referred to as "alumoxane^) or such a benzene-Insoluble organoalumlnum oxy-compound as exempHfied in Japanese 
Patent Laid-Open Publication No. 78687/1990. 

[0296] The conventional aluminoxane can be prepared by, for example, the following processes, and is generally 
obtained as a hydrocarbon solvent solution. 



(1) An organoaluminum compound such as trialkylaluminum is added to a hydrocarbon medium suspension of a 
compound containing adsorption water or a salt containing water of crysiallization. e.g., magnesium chloride hy- 
drate, copper sulfate hydrate, alummum sulfate hydrate, nickel sulfate hydrate or cerous chlorrde hydrate, to allow 
the organoaluminum compound to react with the adsorption water or the water of crystalfizatlon. 

(2) Water, ice or water vapor is allowed to directly act on an organoaluminum compound such as trialkylaluminum 
^5 In a medrum such as benzene, toluene, ethyl ether or tetrahydrofuran. 

(3) An organotin oxide such as dimethyltin oxide or dibutyltin oxide Is allowed to react with an organoaluminum 
compound such as triaJkyialuminum in a medium such as decane, benzene or toluene. 

[0297] The aluminoxane may contain a small amount of an orgartometallic component. Further, it Is possible that 
^ the solvent or the unreacted organoafuminum compound is distilled off from the recovered solution of aluminoxane 
and the remainder is redissofved in a solvent, 

[0298] Examples of the organoalummum compounds used for preparing the aluminoxane include 

trialkylaluminums, such as tnmethylalummum, triethylalumlnum, tripropyfaluminum, thisopropylaiuminum tri-n- 
butylaluminum, trrisobutylaluminum, tri-sec-butylaluminum, tri-tert-butylaluminum, tripentylaluminum, trihexylalu- 
minum, trioctylaluminum and tridecyialuminum; 

tricycloalkylaluminums, such as tricyciohexylaiumlnum and tricyclooctylalumlnLm; 

dlalkylaluminunn halides, such as dfmethylaluminum chloride, diethylaluminum chloride, diethylaluminum bromide 
and diisobutylaluminum chloride; 

dialkylalummum hydrides, such as diethylaluminum hydride and diisobutyfaluminum hydride; 
dialkylaiuminum alkoxides, such as dimsthylaluminum methox^de and diethylaluminum ethoxide: and 
dialkylaluminum aryloxides, such as diethylajuminum phenoxide. 

I0299J Of these, preferable are trialkylaluminums and tricycloalkylaluminums. 

[OaoOl Additionally, examples of the organoaluminum compounds used for preparing the aluminoxane include iso-^ 
prenylaluminum represented by the fomiula i\'04^s)^^\yiCsH^oh (wherein x. y and z are each a positive number and 

[0301] The orgaroaluminum compounds are used singly or in combination of two or more kinds. 
[0302] Examples of the solvents used for preparing the aluminoxane include aromatic hydrocarbons, such as ben- 
zene, toluene, xylene, cumene and cymene; aliphatic hydrocarbons, such as pentane. hexane. heptane, octane, de- 
cane, dodecane, hexadecane and octadecane; alicyclic hydrocarbons, such as cyclopentane, cyclohexane. cyclooc- 
tane and methylcyclopentane; petroleum fractions, such as gasoline, kerosine and gas oil: and halogenated products 
of these aromatic, aliphatic and alicyclic hydrocarlDons (e.g., chlorinated or brominated products thereof). Also employ^ 
able are ethers such as ethyf ether and tetrahydrofuran. Of the solvents, particularly preferable are aromatic hydro- 
55 cariDons. 

[0303] The organoaluminum oxy-compound for use in the invention is, for example, an organoafuminum oxy-com- 
pound containing boron and represented by the following formula (17): 
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wherein is a hydrocarbon group of 1 to 1 0 carbon atonns; and each may be the same or different and Is a hydrogen 
atom, a halogen atom or a hydrocarbon group of 1 to 10 carbon atoms. 

(B-2) Ionizing ionic compound 

[0304] Exannpiss of the compound (B-2) which reacts with the transition metal compound (A) to form an ion pair 
(sometimes referred to as an "ionizing ionic compound" hereinafter), that is used in the invention, Include Lewis acid, 
an ionic compound, a borane compound and a carborane compound, which are described m National Publications of 
■Internatfonal Patents No. 501950/1989 and No. 502036/1989, Japanese Patent Laid-Open Publications No. 
1 79005/1 991 , No. 1 79006/1 991 , No. 207703/1 991 and No. 207704/1 991 , and U.S. Patent No. 6.321 .1 06. A heteropoly 
compound and an Isopoly compound are also available. 

[0305] Examples of the Lewis acid include magnesium-containing Lewis add, aluminum-containinQ Lewis acid and 
boron-containing Lewis acid. Of these, boron-containing Lewis acid is preferable. The ionic compound is a salt com- 
prisfng a cationic compound and an anionic compound. The anion reacts with the transition metal compound to make 
the transition metal compound cationic and thereby form an ion pair, whereby the transition metal cationic species are 
stabilized. Examples of such anions include organoboron compound anion, organoarsenic compound anion and or- 
ganoaluminum compound anion. Preferable are those which are relatively bulky and stabilize the transition metal cat- 
ionic species. 



[0306] The Lewis acids containing boron atoms are, for exampie, compounds represented by the foHowing formula 
(18); 



wherein R\ R" and may be the same or different and are each a fluorine atom or a phenyl group which may have 
a substltuent such as a fluorine atom, a methyf group or a trifruoromethyr group. 
35 [0307] Examples of compounds represented by the fomnula (1 8) include trlfluoroboron, thphenylboron, trls(4-fluor- 
ophenyl)boron.. tris(3,5-difiuorophenyl)boron, tns{4-f}uoromethylphenyl)boron, tris(pentafluorophenyl)boron, tris(p- 
toly!)boron,tr!s(o-tolyl)boron,tris(3,5-d[methylphenyi)boronandtris[3,5-dl(trifiuoromethylphenyl)]boron. Of these, pref- 
erable is tns(pentafluorophenyl)boron. 

[0308] The Ionic compound is a salt comprising a cationic compound and an anionic compound. An anion is reacted 
40 with the above transition metal compound to cationlze it and form an ron pair which has a function of stabilizing the 

cation species of the transition metal compound. Examples of such anions include organic boron compound anion, 
organic arsenic compound anion and organic aluminum compound anion, and preferable are relatively bulky and can 
stabilize the transition metal cationic species. Cations include metal cation, organic metal cation, carbonlum cation, 
tropyiium cation, oxrsomum cation, sutfonium cation, phosphonium cation and ammonium cation and, more in detail, 

45 tripbenyfcarbenium cation, tributylammonium cation, N,N -dimethyiammonium cation and ferrocenium cation. 
[0309] Of these, preferable anions are ionic compounds containing boron compounds as anion. 
[0310] Examples of the trialkyl-substituted ammonium salts include; thethylammonfumtetra(phenyl)boron, tripropy- 
!ammonmmtetra(phenyl)boron, th(n-buty[)ammoniumtetra{phenyl)bQron, trimethylammoniumtetra(p-toly[)boron, trl- 
methylammoniumtetra{o-tolyl)boron, tr}butylammonlumtetra(pentafluorophenyl)boron, tripropylammon!umtetra(o,p- 

50 dlmethylphenyl)boron, trlbutylammoniumtetra(m,m-dimethylphenyl)boron, trlbutylammonlumtetra(p-trifluoromethyl- 
phenyOboron, th(n-butyl)ammoniumtetra(o4olyl)boron and tri{n-bylyl)ammoniumtetra(4-f}uorophenyl)boron. 
[0311] Examples of the N,N~dia!kyianilinium salts include N,IM-dimethylaniliniumtetra(phenyl)boron, N,N-diethyl- 
an!lin[umtetra(phenyl)boron and N,N-2,4,6-pentamethylanyiniumtetra(phenyl)boron, 

[0312] Examples of the diaikylammonium salts include dl(n-propyl)ammoniumtetra{pentafluorophenyl)boron and di- 
55 cyclohexylammoniumtetra(phenyl)boron. 

[0313] Examples of the triarylphosphonium salts include triphenylphosphoniumtetra(phenyl)boron, tri(methylphenyl) 
phosphonlumtetra(pheny[)boron and tri(dlmethylphenyl)phosphoniumtetra{phenyl)boron. 

[031 4J Further employable as the ionic compounds containing boron are tnphenylcarbeniumtetrakis(peiitafluoroph- 



30 



BR'R^'R' 



I) 



(18) 



49 



BNtSDOCIDr <EP. 



J186619AS..J._> 



EP1 186 619 A2 



enyl)borate, N, N-dimethylanFiinmmtetrakis(pentaf]uorophenyl)borate, ferroceniumtetra(pentafluorophenyl)borate 
triphenylcarbeniumpentaphenylcyclopentadieriyf complex, N,N-diethylanilmiumpentaphenyicyc!opentaclieny! complex 
and a boron compound represented by the following formula (1 9) or (20) : 





, . • (20) 

[031 5] Furthermore employable as the ionic compounds having a boron atom are the following compounds. (In the 
following ionic compounds, the counter ion is tri(n~butyl)ammoniym but not restncted.) 
[0316] Examples of salts of anions include 

bis[tri(n-butyl)ammonium]nonaborate, 
bis{tri(n-butyl}ammonium]decaborate, 
bis[tri(n-butyl)ammonium]undecaborate, 
bis{tri(n-butyl)ammonmm]dodecaborate, 
bls[tri(n-buty!)ammonium]decachlorodecaborate, 
bis[tri{n-butyl)ammonium]dodecachlorododecaborat0, 
tri(n-butyl)ammonium-1 -carbadecaborate, 
tri(n-butyi)ammonium-1 -ca rba an decab orate, 
tri(n-butyl)ammonium-1 -carbadodecaborate, 
tri(n-butyl)ammonlum-1 -trimethyisi^y!»1-carbadecaborate and 
tri(n-bu1yl)ammoniumbromo-1 -carbadodecaborate. 

[0317] Examples of salts of borane compounds, carborane compoiex compounds and carborane anion include 

decaborafie(14). 7.8-dicarbaundeGaborane(13), 2J-dicatt)aundeGaborane(13), undecahydrido-7,8-dimethyl- 
7,8-dlcarbaundecaborane, dodecahydndo-11-methyl-2,7-dicarbaundecaborane, tri(n-butyf)ammonium*6-carbade- 
caborate(14), tri(n-butyl)ammonlum-6-carbadecaborate(i2), tri{n-butyl)ammonium-7-carbaundecaborate(13), tri(n- 
butyl)ammonium-7,8-dicarbaundecaborate(1 2), tri(n-butyl)ammoniym-2,9-dicarbaundecaborate(1 2), tri(n-butv!)am- 
monfumdodecat)ydrldo-8-methyl-7,9-dicarbaijndecaborate, tri(n-butyl)ammoniumundecahydrido-S-ethyi-7,9-dicar- 
baundecaborate, tri(n-butyl)ammoniymundecahydhdo-B-butyl-7,9-dicarbaundecaborate. tri(n-buty!)ammoniun[^un- 
decahydridO'8-allyl^7,9-dicarbaundec^orate, tn(n-butyl)ammoniumundecahydrido-9-trimethylsily1-7,8-dicarbaunde- 
caboratG and tri(n-butyl)ammoniumundecahydrido-4,6-dibromo-7-carbaundecaborate, 
[0318] Examples of salts of carborane compounds and carborane include 

4-carbanonaborane(14), 1, 3-dicarbanonaborane(13), 8,9-dicarbadecaborane(14), dodecahydndo-1-phenyl- 
1 ,3-dicarbanonaborane, dodecahydrido-1 -methyl-1 ,3-dicarbanonaborane and undecahydrido-1 ,3-dimethyl-1 ,3-dicar- 
banonaborane. 

[0319] Further employable as the ionic compounds containing a boron atom are following metallic carborane salts 
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and metallic boran anion. (In thefollowmg ionic compounds, the counter ion istr1(n-butyi)ammonium but not restricted.) 
[0320] Ennployable are 

tri(n-butyi)ammoniumbis{nonahydrido-1,3"Clicarbanonaborate)cobaltate(lll), 

tri (n-butyl) annmoniumbis (undecahydridD-7, 8-dicait>aundecaborate)ferrate(m], 

tri(n-buty!)ammoniunnbis{undecahydrido-7,8-dicarbaundecaborale)cobaitate(HI), 

tri(n-butyl)ammoniumbis{undecahydndo-7,8-dicarbaundecaborale)nickelate(MI), 

tri(n"butyi)ammoniumbis(undecahydrid0"-7,8-dicarbaundecaborate)cyprate(lll), 

tri(n-butyl)ammon[umbls(undecahydrido-7,8*dicarbaundecaborate)aurate(lll), 

tri(n*butyl)aninnoniumbis(nonahydrido-7,8-dimethy]*-7,S-dicarbaundecaborate)fen-ate(l!l), 

tri(n-butyl)amnnoniumbjs(nonahydridO'7,a-dimethyl-7,8-dicarbaundecaborate)chromate(jM), 

tri(n-buty!)amnnoniumbis(tribromooctahydrido-7,8-dicarbaundecaborate)cobaltate(Nt), 

tri(n-butyi) ammoniumbis(dodGcahydndodioarbadodecaborate)cobaitate([!l), 

bis[tri(n-butyl) ammonlum]bis(dodecahydridododecaborate)nickelate(iil), 

tris[tri(n-butyi)ammonium]bis(undecahydndo-7-carbaundecaborate)ciiromate(1ii), 

bis[tn(n-butyi)amnaonium]bis({jndecahydrido-7-carbaundecaborate)manganate(IV), 

bis[th(n-butyi)amnrioniufn]bis(undecahydrido-7-carbaundecaborate)cobaltate(Jli) and 

bis[tn(n-butyl)ammoniunn]bis(undecahydrido-7"Carbaundecaborate)nicl<e!ate(IV}. 

[0321] Furtlier examples of ttie ionic compounds containing a boron atom include following compounds such as 

triphenylcarbeniumtetrakis[(2,3.6,6-tetraf}uQro-44riisopropylsiivl)phenyl]borate, N,N-dimethylanilinlumtetrakis[ 
(2,3,6, 64etrafluoro-4-tnisopropyisilyl)phenyl]borate, triphenyicarbeniumtetrakis[(2,3,5,64etraflLioro-4-dimethyht-bu- 
tyisilyl)pheny{]borate, N,N-dimethylani!iniumtetrakis[(2,3,5,6-tetrafluoro-4-dimethyl-t'bLJtylsj}yl)phenyl]borate, triphe- 
nylcarbeniumbls(octafluorobiphenylene)borate, N,N-dlmethylaniliniumbis(octafluorobiphGnyl0ne)borate, triphenyl- 
carbeniumbis(octafluoro-1 ,1'-spiro)biboronol and N,N-dimethylan!ljniumbis(octafiuoro-1,1'-splro)biboronol. 
[0322] The heteropoly compound compnses an atom selected from silicon, phosphorus, titanium, gernianium, ar- 
senic or tin and one or more atoms selected from vanadium, niobium, molybdenum and tungsten. Examples of such 
compoLinds mclude phosphovanadic acid, germanovanadic acid, arsenovanadic acid, phosphoniobic acid, germano- 
nioblc acid, slliconnolybdic acid, phosphomolybdic acid, titanomotybdlc acid, germanomoiybdic acid, arsenomolybdic 
acid, stannomolybdic acid, phosphotungstic acid, germanotungstic acid, stannotungstic acid, phosphomolybdovanadic 
acid, phosphotungstovanadic acid, germanotaungstovanadic acid, phosphomolybdotungstovanadic acid, gennanomo- 
^ybdotungstovanadic acid, phosphomolybdotungstic acid, phosphomolybdoniobic acid, salts ot these acids, specifically, 
salts otthese acids, for example with metals of Group 1 or 2 of the periodic table such as lithium, sodium, potassium, 
rubidium, cesium, beryllium, magnesium, calcium, strontium and bahum and organic salts of the above acids such as 
WEth triphenylethyl saft. 

[0323] The ionizmg ionic compounds may be used singly or in combination of two or more kinds. 
(B-3) Organoaluminum compound 

[0324] The organoaluminum compounds (B-3) used in the present invention can be represented by the following 
formula (21): 

R%AIX3., (21) 

wherein Ra is a hydrocarbon group of 1 to 12 carbon atoms, Xtsa halogen atom or a hydrogen atom, and n is t to 3. 
[0325] In the above formula (21), is a hydrocarbon group of 1 to 12 carbon atoms, for example, an aikyi group, 
a cycioalkyi group or an aryi group. Examples incfude a methyl group, ethyl group, n-propyl group, isopropyf group, 
isobutyl group, pentyi group, hexyl group, octyf group, cyciopentyl group, cyclohexyl group, phenyl group and tolyl 
group. 

[0326] Examples of the organoaluminum compounds include 

thalkylalummums, such as trimethyialuminum, trrethylaluminum, triisopropylalumlnum, tiilsobutylaluminum, trloc- 
tyialuminum and tri-2-ethylhexyialuminum; 
alkenylalumlnums, such as fsoprenylalumlnum; 

diafkyialuminum hafides^ such as dimethylalummum chloride, diethylaluminum chloride, diisopropylalumlnumchio- 
ride, diisobutylaluminum chioride and dimethylaluminum bromide; 
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alkylaiuminum sesquilialides, sucfi as methylaluminum sesquichloride, ethylaluminum sesquichloride, isopropy- 
lalumlnum sesquichloride, butylaluminum sesquichioride and ethylafuminum sesquibromide, 
aikylaluminum dihahdes, such as methyfalumlnum dichloride, ethylaluminum dichloride, isopropyialuminum dichio- 
nde and ethylaluminum dibromlde; and 
5 afkylaluminum hydrides, such as dlethylaluminum hydride and dllsobutylaluminum hydnde, 

[0327] Furiher the organoaluminum compounds (B-3) can be also represented by the following formula (22): 
10 B^nAIY3^ (22) 

wherein is the same as previously described, Y is a -OH^ group, -OSiR^3 group, -OAIR^^ group, -NR**2 group^ -S\f{^^ 
group or -N(R9)AIR^2 group, n Is 1 to 2, and R^, RP, f\d ar^d R^ are each a methyl group, ethy! group, isopropyl group, 
isobutyl group, cyclohexyl group and phenyl group, R® is hydrogen, a methyl group, ethyl group, isopropyl group, phenyl 
f5 group and trlmethy[ group, and and Rs are each a methyl group and ethyl group. 
[0328] Examples of the organoaluminum compounds include 

(I) compounds represented by Ra^AI(OR'=^)3,n ^^^h as dimethylaluminum methoxide, diethylaluminum ethoxlde and 
diisobutylaluminum methoxide; 
so (ji) compounds represented by R^nA!(OSiR^3)3 ^ such as (C2Hs)2AI(OSi(CH3)3), (iso-C4Hg)2AKOSKCH3)3) and 

(fso-C4H9)2Al(OSi(C2H5)3); 

(iii) compounds represented by R^^AI(OAiR<^2)3.r^ such as (C2H5)2AI(OAI(C2H5)2} and (iso-^C4H9)2AI(OAI 
(iso-C^H9}2); 

(iv) compounds represented by R^nAl(NR^2)3-n s^ich as (CH3)2AI(N(C2H5)2). (C2H5)2AHNH{CH3)), (CH3)2AI(NH 
(C2H5)), (C2H5)2AI[N(SKCH3)3)2] and (iso-C4H9)2AI[N(Si(CH3)3)2i; and 

(v) compounds represented by R^nAKSiR'3)3_n such as (iso-C4H9)2AI(Si(CHg)3}. 



25 



[0329] In the present invention, of these, preferable are organoalumljium compounds represented by R^sAI, H^^l 
(ORb}3.^, and RSriAI(OAIRd2)3_j^. Particularly preferable are compounds wherein R^ is an isoalkyi group and n = 2, 

30 [0330] The organoaluminum compounds can be used in combination of two or more kinds, 

[0331] The olefm polymerization catalyst used in the present invention comprises the transition metal compound (A) 
and at least onecompound selected from the group consisting of the organoatyminum-oxy compound {B-1 ), the ionizing 
ionic compound (B-2) and the organoaluminum compound (B-3). For example, in the case that the transition metal 
compound (A) containes a ligand having a cyctopentadleny! skeleton, the catalyst comprises said compound {A) and 

^ the organoaluminum-oxy compound {B-1 ) and/orthe ionizing ionic compound (B-2), and optionally the organoaluminum 
compound (B-3). 

[0332] The olefin polymerization catalyst for use in the Invention may be a solid catalyst in which the transition metal 
compound (A) and at teast one component selected from the organoaiuminum oxy-compound (B-l ), the ionizing Ionic 
compound (B-2) and the organoalummum compound (B-3) are supported on a particle carrier, or a prepolymerized 
40 catalyst comprising a particle carrier, the transition metal, compound (A), the organoaluminum oxy-compound (B-1 ) (or 
the ionizing ionic compound {B-2)), an olefin polymer produced by prepolymerlzatjon, and if necessary, the organoa- 
luminum compound (B-3)- 

[0333] An particulate carriers used in the solid catalyst and the prepolymehzed catalyst Is an inorganic or organic 
compound in the form of granufar or particulate solid havmg a particle diameter of 10 to 300 ^m, preferably 20 to 200 iim. 

^5 [0334] Preferable examples of the inorganic carrier are porous oxides, inorganic chlorides, clay, clay minerals and 
ion-exchange layrsd compounds. Ecamples of porous oxides include SiOg, AlgOg^ MgO, ZrO. Ti02. B2O3, CaO. ZnO, 
BaO, ThOg, and mixtures containing these oxides, such as SiOg-MgO. SiO2-Al203, Si02-Ti02> SIO2-V2OS, Si02-Cr203 
and SI02-T102-MgO. Of these, preferable are compounds containing SIO2 and/or AI2O3 as the main component. 
[0335J The inorganic oxides may contain small amounts of carbonate, sulfate, nitrate and oxide components, such 

50 as NagCOa, K2CO3, CaCOa, MgCOs, NaaSO^, Al2(S04)3, BaS04, KNO3, Mg(N03)2, AI(N03)3, NasO, K2O and Li20, 
[0336] Although the particulate carriers differ in their properties depending upon the type and the preparation process 
thereof, the particulate carrier preferably has a specific surface area of 50 to 1 ,000 m^/g, preferably 1 00 to 700 m^/g, 
and a pore volume of 0.3 to 2.5 cm^/g. If necessary, the particulate carrier may becaldned at 1 00 to 1 ,000 'C, preferably 
150 to 700 ""C, prior to use. 

55 [0337] Further the particulate carrier is, for example, a granular or particulate solid organic compound having a par- 
ticle diameter of 10 to 300 ^m. Examples of such organic compounds include (co)polymers produced using an a-olefin 
of 2 to 14 carbon atoms such as ethylene, propylene, 1 -butene or 4-methyl-1-pentene as a main ingredient and (co) 
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polymers produced using vinylcyclohexane or styrens as a main ingredient. 

[033B] Examples of the Inorganic chlorides employable in the invention include MgCI^. MgBr2, MnCl2 and MnBr2. 
The inorganic chloride may be used as it is, or may be used after pulverized by, for example, a ball miH or an oscillating 
mill. The inorganic chloride may also be used as fme particles of a obtained by dissolving the inorganic chloride in a 

5 solvent such as alcohol and then precipitating using a precipitant. 

[0339] The clay is generally composed mainly of clay minerals. The ion-exchange layered compounds are com- 
pounds having a crystal structure wherein planes fomned by ionic bonding or the like are laminated in parallel to one 
another with a weak bond strength, and the ions contained therein are exchangeable. Most of clay minerals are ion- 
exchange layered compounds. The clay/ the clay minerals and the ion-exchange layered compounds employable in 

fo the invention are not limited to natural ones but include synthetic ones. 

[0340| Examples of such clay, clay minerals and ion-exchange layered compounds Include ciay, clay minerals and 
Ion crystalline compounds having layered crystal structures such as hexagonal closest packing type, antimony type, 
CdCI2 type and Cdl2 type. 

[0341] Particular examples of the clay and the clay minerals include kaolin, bentonite, kibushi clay, gairome clay, 
1^ allophane, hisingerite, pyrophyNite, mica, montmorillonite, vermicullte, chlorite, palygorskite, kaolinite, nacrite, dickite 
and halloysite. Particular examples of the ion-exchange layered compounds include crystallme acid salts of polyvalent 
metals, such as a-Zr(HAs04)2.HgO. a-Zr(HP04)2.. a-Zr(KP04)2'3HeO, a-Ti(HP04)2, a-TmAsO^)^^ HgO. a-Sn 
(HPO4)2'H20. Y^Zr(HP04)2. y'TiiHPO^)^ and Y''Ti(NH4P04)2'H20, 

[0342] The clay, the clay minerals and the ion-exchange layered compounds are preferably those having a pore 
20 volume, as measured on pores having a radius of not less than 20 A by a mercury penetration method, of not less than 
0.1 cc/g, and are particularly preferably those having a pore volume of 0,3 to 5 cc/g. The pore volume is measured on 
the pores having a radius of 20 to 3x10^ A by a mercury penetration method using a mercury porosimeter, 
[0343] If a compound having a pore volume, as measured on pores having a radius of not less than 20 A, of less 
than 0.1 cc/g is used as the carrier, high polymerization activity tends to be hardly obtained. 
25 [0344] It is also preferable that the clay and the day minerals are subjected to chemical treatments. Any of surface 
treatments, for example, to remove impurities attached to the surface and to Influence on the crystal structure of the 
clay, are employable. 

[0345] Examples of such chemical treatments inciude acid treatment, alkali treatment, salt treatment and organic 
substance treatment The acid treatment can contribute to not only removing impurities from the surface but also eluting 
30 cations such as Al, Fe and Mg present in the crystal structure to increase the surface area. The alkali treatment can 
destroy crystal structure of clay to bring about change in the structure of the clay. The salt treatment and the organic 
substance treatment can produce, for example, ionic composites, molecular composites, or organic derivative to 
change the surface area or the distance between layers. 

[0346] The ion-exchange layered compound may be a layered compound In which the exchangeable ions between 
35 layers have been exchanged with other targe and bulky ions utilizing ion exchange properties to enlarge the distance 
between the layers. The bulky ion plays a pillar-like roll to support the layer structure and is generally called a "pillar". 
Pntroduction of other substances between layers o/ a layered compound is called "interca^atio^'^ Examples of the guest 
compounds to be intercalated include cationic inorganrc compounds, such as TiGl4 and ZrCl4; metallic alkoxides, such 
as Ti{OR}4, Zr(OR)4. PO(OR)3 and B(OR)3 (R is a hydrocarbon group or the like); and metallic hydroxide ions, such 
40 as [Ali304{OH)24]7+, [Zr4(OH)i4p+ and [Fe30{OCOCH3)s]+. The compounds mentioned above may bo used singly or 
in combination of two or more kinds, 

[0347] The intercalation of the compounds may be carried out in the presence of polymers obtained by hydrolysis 
of mGtaliic alkoxides such as Si(OR)4^ AI{OB)3 and Ge(OR)4 (R is a hydrocarbon group or the like) or in the presence 
of coJIoidal inorganic compounds such as Si02^ Examples of the pillars include oxides produced by intercalation of the 

45 above-mentioned metallic hydroxide ions between layers, followed by dehydnation under heating. 

[0348] The clay, clay minerals and ion-exchange layered compounds mentioned above may be used as they are, or 
may be used after they are subjected to a treatment of ball milling, sieving or the like. Moreover, they may be used 
after they are subjected to water adsorption or dehydration under heating. The clay, clay minerals and ion-exchange 
layered compounds may be used singly or in combination of two or more kinds. 

^ [0349] Of the above-mentioned materials, preferable are clay and clay minerals, and particularly preferable are 
montmorillonite, vermiculite, hectorite, taeniolite and synthetic mica, 

[0350] The olefin polymerization catalyst for use in the invention may contain the following organosilicon compound 
(C) and/or the followmg dialkyl2inc compound (D). 

55 (C) OrganosillcQn compound 

[0351] The organosiiicon compound (C) which is used optionaify is represented by the foiiowing fonnula (22): 
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R'^R^R^SiH (22) 

Wherein R^, R2 and may be the same or different and are each a hydrogen atom, an alkyi group of 1 to 4 carbon 
atoms, such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl ortert-butyl, an ary^ group of 6 to 12 carbon atoms, such 
as phenyi or tolyl, an alkylaryl group of 7 to 20 carbon atoms, such as ethylphenyl or ethyltolyl, an arylalkyi group of 7 
to 20 carbon atoms, such as phenylethyl or benzyl, an alkoxyl group of 1 to 4 carbon atoms, such as methoxy, ethoxy, 
propoxy or butoxy, a fluorinated alkyi group of 3 to 6 carbon atoms, such as 3,3,3-trmuoropropyl, a dialkylamlno group 
containing an alky! group of 1 to 4 carbon atoms, such as dimethylamino, or a diorganopolysiloxane chain containing 
1 to 10 siloxane units and represented by R®3S^O(SiR^2^)n" methyl, phenyl, 3,3,3-lrifluoropropyl, methoxy or 

ethoxy, and n is an integer of 0 to 9), 

[0352] Of these, preferable Is a hydrogen atom, methyl, ethyl, isopropyl, isobutyl, 3,3,3-trifluoropropyf dimethyamino 
or a group represented by R^3SiO(SiR®2*^)n'' 

[0353] Preferred examples of the organosilicon compounds represented by the formula (22) include phenylsilane, 
diphenylsilane, phenylmethylsilane, pentamethyldisiloxane, methylsilane and dimethylsilane. 

[0354] The organosilicon compounds mentioned above can be used singly or in comblnatjon of two or more kinds. 
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(D) Dialkylzinc compound 

[0355] The dialkylzinc compound (D) which is used optionally is represented by the1o^lowing formula (23): 

ZnR*R^ (23) 

wherein R'^ and may be the same or different and are each an all<yl group of 1 to 20 carbon atoms, such as meihyl, 
ethyl, propyl, isopropyl, butyl, Isobutyl, tert-butyl, hexyi. octyl, nonyl. decyl, dodecyl or eicosyi. 
[0356] Of these, preferable is an alkyl group of 1 to 12 carbon atoms, and more preferable Is an alkyI group of 1 to 
6 carbon atoms. 

[0357] Preferred examples of the dialkylzinc compounds represented by the formula (23) include diethylzlrrc, df- 
isobutyfzinc an di-n-decylzfnc. Of these, diethy)zinc Is particularly preferable. 

[0358] The dialkylzinc compounds (D) mentioned above can be used singly or in combination of two or more kinds. 
[0359] The organosilicon compound (C) and the dialkylzinc compound (D) can be each used as a chain transfer 
agent In combination with hydrogen . When the organosilicon compound (C) is used as a chain transfer agent, an oief in 
polymer having a silyl group at the end is obtained. 

[0360] ExamplGsof thea-oleflnsof 2to20carbon atoms include ethylene, propylene, 1-butene,2-butene, 1-pentene, 

3- mcthyl-1-bytene, l-hexene, 4-methyM-pentene, 3-methyl-1 -pentene, 3-ethyl-1-pentene, 4,4-dimethyl-l-pentene, 

4- methyl-1 -hexene, 44-dimethyl-1-hexene, 4-ethyl-1-hexene, 3-ethyl~1 -hexene, 1-ocler^e, 1-decene, 1-dodecene, 
1-tetradecene, 1-hexadecene, 1-octadeceneand 1-eicosene, Of these, preferable is an a-oiefin selected from ethylene, 
propylene, 1-butene, 4-methyl-1 -pentene, 1-hexene and 1-octene. 

[0361] Noxt. the polar group-containing monomer represented by the formula (7) is described more in detail, below. 

CH2=CH 

45 ^3 

{R^),~(X)p 

- . • (7) 

wherein R^, R'*, r, X and p have the same meanings as those of R^, R^. r X and p, respectively, m the formula (3). 
[0362] Examples of the polar group-contarning monomers include: 

compounds of the formula (7) wherein X is an alcoholic hydroxyl group, specifically 
o>-alkeny]aJcohols, such as 

allylalcohol, 4-pentene-1-ol, 5-hexene-1-ol, S-heptene-l^oi, 
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7-octene-1-ol, 8-nonene-1-ol, 9-decene-1-ol, lO-undecene-l-ol and 11-dodecene-1-ol; 



alcohols having a straight-chain hydrocarbon group, such as 

5- hexene*2-ol, 6-heptene-2-ol, 7-octene-2-ol, 

8- nonene-2-ol, 9-decene-2-ol, 10-undecene-2-ol, 

6- heptene-3-ol, 7-octene-3-ol, S-nonene-3-o!, 

9- decene-3-oi, 1 0-undecene-3-oL 

1 1 -dodecene-3-olj 7-octene-4-ok S-nonene»4-ol, 
9-decene-4"Oi, 1 0-undecene-4-ol, 8-nonenG-5-ol, 
9"decene-6-o! and 10-undecene-5-ol; 

alcohols having a branched hydrocarbon group, such as 

2- 6thyl*5-hexene-1-ol, 3-methyl-6-heptene-1-ol, 

3- methyl~7-octene-1 -oL 4-methyi-8-nonen6-1 -o!, 
3-ethyh9-decen6-1-ol, 2-methyl-1 O-undecenG-2-ol 
2,2-dimethyh7-octene-1 -ol, 
3-ethyl"2-methvl-8-nonene-1 -oL 
2,2,3-trinnethyl-9-decene-1-ol and 
2,3,3,44etramethyl-1 0-undecene-2-ol; 



dioSs, such as 9-decene-1 ,2-diol, 10-undscene-1 ,2-diol, 11-dodecene-1 ,2-diol and 11 -dodecene-l ,2-diol; and 
triols, such as 1 0-undecene-1 ,2,3-triol; 

connpounds of the fornnula (7) wherein X Is a carboxylic acid group, specifically 
(o-alkenylcarboxylic acids, such as 



3-butenoic acid, 5-hexenoic acid, 6-heptenoic acid. 
7-octenolc acid, S-nonenoic acid, 9~decenoic acid, 
^0 10-undecenoic acid and 11-dodecenoic acid; 



alkenylcarboxylic acids having a straight-chain hydrocarbon group, such as 

2-methyl-5"hexenoic acid, 2-nnethyl-6-heptenoic acid, 
2-methyl-7-octenoic acid, 2-methyl-8-nonenoic acid, 
2-methyl-9-decertoic acid, 2-methyi-1 0-undecenoic acid, 
2-methyl-11-dodecenoic acid, 2-ethyl-5-hexenoic acid, 
2-ethy I --6-heptenoic acfd, 2-ethy[-7-octenoic acid, 
2-ethyl-S-nonenoic acid, 2-ethyi-9-decenoic acid, 
2-ethyl-10-undecenoic acid, 2-propyl"5"hexenoic acid, 
2-propy[-6-h6ptenoic acid, 2-propyl-7-octenoic acid, 
2"propyl"8-nonenoic acid, 2-propy!-9-decenoic acid, 
2-propyl-10-undecenoic acrd, 2-butyl-5-hexenob acid, 
2-butyl-6-heptenoic acid, 2-butyi-7-octenoic acid, 
2-'butyl-a-nonenoic acid, 2-biJtyl-9-dGCGnDlc actd and 
2'butyl-10-undecenoic acid; and 



alkenylcarboxylic acids having a brar^ched hydrocatt)on group, such as 

^0 2-isopropyl-5-hexenolc acid, 

2-isopropyl-6-heptenoic acid, 

2-isopropyl-7-octeno?c acid, 

2"'isopropyl-8-nonenoic acid, 

2"'isopropyl-9-decenolc acid, 
^5 2-!sopropyl-10-undecenQic acid, 

2-isobutyl-5~hexenoic acid, 2-t-butyi~6-heptenoic acid, 

24sopropyl-3-methy}-7-octenDic acid, 

2-methyl-3-isopropyl-8-nonenO!c acid, 
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3-isobytyl-3"methy}-9-decenoic ac]cj, 
2,2-dimethyl-1 0-undecenoic acid and 
2,3,3-trimethy!-1l -dodecenoic acid; 



compounds of the fomnuia (7) wherein X is a carboxyfic acid ester specifically 
o)-a!kenylcarboxylic acid esters, such as 



methy! 3-butenoate, methyl 5-hexenoate, 
methyl 6-heptenoate, methyl 7-octeaoate, 

^0 methyl 8-nonenoate, methyl 9-decenoate, 

methyl tO-undecenoate, methy! 11 -dodecenoate, 
ethyl 6-hexenoate, ethyl 6-hsptenoate, 
ethyl Z-octenoate, ethyl S-nonenoate, 
ethyl 9-decGnoate, ethyt lO-undecenoate, 
ethyl 11-dodecenoate, Isopropy! B-hexenoate, 
isopropyl 6-heptenoate, isopropyl 7-octenoate, 
isopropyl a-nonenoate, Isopropyl Q-decenoal:©, 
Isopropyl 10-Ufidecenoate, isopropyl 11 -dodecenoate, 
butyl 5'hexGnoate, butyl 6«h6ptenoat6, 

20 butyl 7-octenoate, butyl S-nonenoate, 

butyl 9-decenoate, butyl 1 0-undecenoate, 
butyl 11-dodecenoate, pentyl 5-hGxenoate, 
pentyl 6-heptenoate, pentyi 7-octenoate, 
pentyl 8-nonenoate, pentyl 9-decenoate, 

^5 pentyl 1 0-undecenoate and penty! 1 1 -dodecenoate; 



alkenylcarboxylic acid esters having a straight-chain hydrocarbon group, such as 



methyl v ; 5-hexenoate, methyl 2-methyl-6-hept0noate, 

30 ethyi 2-melr:vi 7~c:^enoate, methyf 2-methyl"8-nonenoate, 

butyl 2-methy>-?-= jecenoate, ethyl 2-methyf-10-Lindecenoate, 

butyl 2-ethyh5-liexenoate, ethyl 2-ethyl-6-heptenoate, 

isopropyl 2-Gthy I -7-octenoate, ethyl 2-ethyl-8-nonenoate, 

methyl 2-ethy}-9-decenoate, ethyl 2-ethyl-10~undecenoate, 
35 methyl 2-propyl-5-hexenoate, methyl 2"prQpyh6-heptenoate, 

ethy^ 2-propyi-7-octenoate, methyi 2-propyh9*decenoate, 

ethyl S-propyMO-undecenoate, methyl 2-bytyl-7-octenoate, 

methyl 2-"butyh8-nonenoate, methy! 2-butyl-9-decenoate and methyl 2-buty]-1 0-undecenoate; and 



40 alkenylcarboxylic acids having a branched hydrocarbon group, such as 



butyl 2-lsopropyl-5-hexenoate, 
ethyl 2-isopropyl-6-hepteroate, 

methyl 2-jsopropyl -7-octenoate, 
^5 methyl 2-isopropy}-8-nonenoate, 

butyl 2-isopropyl-9-decenoate, 
methyl 2-isopropyl-1 0-undecenoate, 
methyl 2-rsobutyi-5-hexenoate, 
methyl 2-t-buty [-6-heptenoate, 
50 ethyl 2-lsopropyl-3-methyl-7-octenoate and 

p ro py i 3- isob uty l-3-methy l-9-decen oate ; 



compounds wherein X in the formula (7) Is an acid anhydride group, such as (2, 7-octadieny I) succinic anhydride, 
pentapropenylsuccinic anhydride and compounds wherein the carboxylic acid group is replaced with a carboxylic 
anhydride group In the above-exemplified compounds wherein X is a carboxylic acid group; 
compounds of the formula (7) wherein X is an amino group, specifically 

w-alkenylamines, such as allylamlne, 5-hexene amine, 6-heptene amine, 7-octene amine, 8-nonene amine, 
9-decene amine, 10-undecene amine and 
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11-dodeceae amine; 

alkenylamines having a straight-chain hydrocarbon group, such as 



2-methy}''5-hexerie annine^ 2-methyl"6-heptene amine, 
2-nnethyl"7-octene amine, 2-methyl-8-nonen9 annine, 
2-methyl-9-decene amrne, 2-methy[-1 0-undecene amine, 
2-methyl-11-dodecene amine, 2-ethyl-5-hexene amine, 
2-ethyi"6"heptene amine, 2-ethyl-7-octene amine, 
2-ethyl"8-nonene amine, 2-ethyl-9-decene amine, 
2-ethyl-10-undecene amine, 2-propyl-S-hexene amine, 
2"propy!-6-heptenG amine, 2-propyl-5-hexene amine, 
2-propyl"6 heptene amine, 2-propyl-7-octene amine, 
2-propyl-8-nonene amine, 2~propyl-9-decene amine, 
2-propyl-10-undecene amine, 2-butyl-6-hexene amine, 
2-buty!~6"'hepten6 amine, 2-byty^-7-octene amine, 

2-butyl"8''nonene amme^ 2-butyl-9-dec6n6 amine and 2-butyl'1 0-undecene amine; 



alltenylamines having a branched hydrocarbon group, such as 

2'isopropyl"5-hexene amine, 2-isopropyl-6-heptene amine, 
2-isopropyl-7-octene amine, 2-isopropy[-8-nonene amine, 
2-isopfopyU9'decene amine, 
2-isoprDpyl-1 0-undecene amine, 
2-isobutyl-5-hexene amine, 2-t-butyl-6-heptene amine, 
^5 2-lsopropy!-3-methyi-7 -octane amine, 

2- methyl-3-isopropyl-8-nonerie amine, 

3- isabutyl-3-methyi-9-decene amine, 
2,2-dimethyl"10-undecene amine and 
2,3,3-trimethyl'11-dodecene amine; 

30 

N-alkyl-oft-alkenyiamines, such as 



N-methyl-5-hexene amine^ N-methyl-6-heptene amine, 
N-methyl-7-ociene amine, N-methyi-6-nonene amine, 
35 N-methy!-9-decGne amine, N-methy!-10-undecene amine^ 

N-melhyl-11 -dodecone amine, N-ethyl-5-hexene amine, 
N-ethyi-6-heptene amine, N-ethyl-7-octene amine, 
N-ethyl-8-nonene amine, N-ethy!-9-decene amine, 
N-ethyl-10-undecene amine and 
N-ethyl-11-dodGcene amine; 

N-aikylalkenylamines having a straight-chain hydrocarbon group, such as 



N-m6thy^-6-heptene-2-amine, N-ethyl-7-octBne-2"amine, N-methy!-8-nonene-2-amine, N-ethyl-9-decene- 
45 2-amine, 

N-methyl-1 0-undecene-2-amine, N-ethyl-8-nonene-3-amine, N-methy!-9-decene-3-amine, N-ethyl-1 0-un- 
decene-3-amme, N-ethyl-8-nonene-4-amlne, N-methyl-9"decene-4~amine and N-ethy]~1 0-undecene- 
4-amine; 



50 N-alkylalkenylamines having a branched hydrocarbon group, such as 

N-methyl-2-methyl-5-hexene amine, 
N~ethyl-2-methyi-6-heptene amine, 
N-methyl-2-methy!-7-octene amine, 
55 N-ethyl-2-methy!-8-nonene amine, 

N-ethyl-2-methyl-9-decene amine, 
N-methyl-2-methyl-1 0-undecene amine, 
N-methyl-2-ethyl-7-octene amine, 
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rsi-GthyU2-ethyl-9-decene amine and 
N-methyl-S-ethyl-l O-undecene amine; 



N,N-diali<yl-(o-alkenylammes. such as 

5 

N,N-dimelhyl-5-hexene amine, 
N,N-dimethyl-6"heplene amine, 
N,N-dimethyl-7'0Ctene amine. 
N,N-dimethyl-8-nonene amine, 
N,N-dimethyl-9-decene amine, 
N,N"dimethyl-1 0 undecene amine, 
N,N-dlmethyM1-dodecene amine, 

N,N-diethyl-5-hexene amine, N,N-dietliyl-6-heptene amine, 
N,N~di©thy!-7-octene amine, N,N-d]ettiyl-8-nonene amine, 
^5 N,N-di©thyl-9-decene amine> 

N,N-disthyM O-undecene amine and 
N,N-diethyM1-dodecene amine; 

N,N-diaikylalkenylamines having a straight-chain hydrocailDon group, such as 

20 

N,N-dimethyl-6-heptene-2-amine, 

N,N-diethyl-7-octene-2-amine, 

N,.N-d-lmethyl-8-nonene-2-amine, 

N,N-diethyi"9-decene-2-amine, 
^5 N,N-drmetliyi-1 0-yndecene-2-amine, 

N,N-diethyl-8-nonene-3-amine, 

N, N~dimethyf-9-decene-3-amine, 

N,N^diethyl-10-undecene-3-amine, 
N-diethy!-8'nonene-4-amjne, 
30 N,N-dimethyt-9"decene-4"amine and 

N>N-diethyl-1 0-undecene-4 amine; and 



N,N-dialkyla!keny[amines having a branched hydrocarbon group, such as 

i35 N,N-dinnethyl--2-methyi-5-hexene amine, 

N,N-diethyl''2-methyl-6-heptene amine, 

N,N-dimetliyi-2-methyl-7-octene amine, 

N,N-d3ethyl-2-methyl-8-nort6ne amine, 

N,N-dlethyl-2-methyl-9-decene amine, 
^ N,N-dimeThyl-2-metKyl-1 O-undecene amine, 

N , N -d Im ethy 1-2- ethyl -7-octen6 ami ne, 

N,N-diethyl-2-ethyl-9-decene amine and 

N,N-dlmethyl-2-ethyl-1 O-undecene amine; 



compounds of the formula (7) wherein X is an amido group, specifically 

o>-alkenylamides, such as allylamide, 5-hexene amide, 6-heptene amide, 7-octeno amide, 8-nonene amide, 

9- decene amide, 

1 0- undecene amide and H-dodecene amide; 

alkenylamides having a straight-chain hydrocarbon group, such as 6-heptene-2-amide, 7-octene-2-amide, 8-non- 
ene-2-amide, 9-decene-2-amlde, 10-undecene-2-amide, 8-nonene-3-amide, 9-decene-3-amide, 10-undecene- 

3- amide, 11-dodecene~3-amide, 8-nonene-4-amide, 9-decene-4-amide, 10-undecene-4-6mide, 11-dodecene- 

4- amide, 9^decene-5-amide and 1 0-yndecene-5-amide; 
N-alkyl-a>-alkenylamides, such as 



55 N-methyl-5-hexene amide, 

N-methyl-e-heptene amide, N-methyi~7-octene amide, 
N-methyi-8*nonene amide, N-methy!-9-decene amide, 
N-methyi*1 O-undecene amide, N-methyM1-dodecene amide, 
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N-ethyl-5-hexene amide, N-eThyl-6-heptene amide, 
N-ethyl-7-octene amide, N-etiiyl-8-nonene amide, 
N-ethyl-9-decene amide, N-ethyl-IO-undecene amide and 
N*ethyl"11-dodecene amide; 

5 

N^N-dialkyl^co-alkenyiamldes, such as 

N,N"dimetliyi-5~hexene amide, 
N,N*dimethyl-6-heptene amide, 
N,N-dfmethyl-7-octene amide, 
N,N-dlmGthyl-8-nonene amide, 
N,N-dimetliyl-9-decDne amide, 
N,N-dimethyl-10-Lindecene amide, 
N,N-dimethyl-11-dodecene amide, 
^5 rM,N-dletliyl-5-hex6ne amide, N,N-diethyl-6-heptene amide, 

N,N-dietiiyl-7-octene amide, N.N-dlGtliyl-S-nonene amide, 
N,N-diGtlnyi-9-dGcene amide, 
N,N-dietliyl-10-undecene amide and 
N,N-diethyi~11-dodecene amide; 

20 

all<eny lam ides having a branclied hydrocarbon group, sucli as 

2"methyl-5-!iexene amide, 2-methyl-6-heptene amide, 
2-methyf-7-octene amide, 2-methyl-8-nonene amide, 
2-methyl-9-decene amide, 2-methyl-10-undecene amide, 
2~ethyl-5-hexene amide, 2-ethyl-6"h0ptene amide^ 
2-ethyl-7-octene amide, 2-etliyl-8-nonene amide, 
2-0thyl"9-decene amide, 2-ethyl-1 0-undecene amide, 
2-ethyl"11"dodecene amide, 2-propyl-5-!nexene amide, 

30 2-propyi-6-heptene amide, 2-propyt-7-octene amide, 

2-propyi-B-nonene amide, 2-propyl-9»decene amide, 
2-propy!-1 0-undecene amide, 2-propyl"11~dodecene amide, 
2«butyl-5-hexene amide, 2~butyl-6-heptene amrde, 
2-butyh7-octene amide, 2-butyr-8-nonene amrde, 

33 2-butyl"9"decene amide and 2-bLityl-1 0-undecene amide; 

N,N*diall^ylafl<eny}amides having a branched hydrocarbon group, such as 

rsl,N-dlmethyl-2-methyl-5-hexene amrde, 
^ N,N''diethy!-2-methy!-6-beptene amide, 

N,N-dimethyl-2-methyl-7-oGtene amide, 

N,N-d-!ethyl-2-methyl-8-nonene amide, 

N,N-diethyf-2-methyl"9'decen6 amide, 

N,N-dlethy[-2-methyl'1 0-undecene amide, 
45 N,N-dlmethyl-2-6thyl-7-octenG amide, 

N,N-diethyl-2-ethyl-9-decene amide and 

N,N-djmethyl-2-ethyi-1 0-undecene amide; 

all<6ny lam ides, such as 6-heptene-1,2-d[am^de, 

50 

7-octene-1,2-diamfde, B-nonene-1 ,2-dlamide, 
9-decene-1 ,3-diamide, 1 0-undecene-1 ,3-diamide and 
ll-dodecene amide; 

55 alkenyltriamides, such as 

9- decene-1 ,2,3-triamide and 

10- undecene-1,2,3-tnamide; and 
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compounds of the formula (7) wherein X is an epoxy group, specifically 

waikenyjepoxides, such as5-hexene epoxide, 6-heptene epoxide, 7-octGne epoxide, 8-nonene epoxide, 9-decene 
epoxide, lO-^undecene epoxide and 11-dodecene epoxide; and 
<jD-alkenylepoxides having a branched hydrocarbon group, such as 

2-methyl-5-hexene epoxide, 2~methy!-6-heptene epoxide, 
2-methyl-7-octene epoxide, 2-methyl-8-nonene epoxide, 
2"methy!"9-decene epoxide and 
2-methyl-10-undecene epoxide; and 

compounds wherein X in the formula (7) Is a mercapto group, such as CHg^CH-CHa-CHg-CHa'CHg-O-Ph-SH. 

[0363] Other examples of the polar group-containing monomers include compounds represented by the following 
formulas. 
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^ [0364} Also available are n-nonyl-l-ol, n-nonyM-carboxyNc acid, n-nonyl-1-carboethoxy, 1 ,2-epoxy~nonyL (6-hexen- 
1-yf)succlnic anhydride, n-undecyl-1-ol, n-dodecyl-1-carboxyllc acid, n-dodecyl-1 -carboethoxy, 4-hexeny]oxyphenol, 
4-hexenyloxy-thlophenol, n-nonyl-1 -carboxamide, n-nonyl-1 -amino and n^-nonyi-l-N-methyiamino. 
[0365] In ttne process for preparing the polar group^containing olefin copoiymer according to the f jrst embodiment of 
the invention, the po^ar groop-containrng monomer represented by t)ie formula (7) may be the polar group-containing 

35 monomer represented by the following fonnula (7); 

40 

I 

^5 wherein R^', p and X' have the same meanings as those of R3\ p and X\ respectively, in the formula (3'). 
[0366] Examples of polar group-containing monomers of the formula (7') wherein X' is -OR include: 

w-aikoxy-a-olefrns, such as 3-methoxy-1 -propene, 5-methoxy- 1 -pentene, 6-methoxy-1 -hexene, 7-methoxy-1 -hep- 
tene, S-methoxy-1-octene, 9-methoxy-1-nonene, lO-methoxy-l-decene, 1 1-methoxy-1-undecene, 5-ethoxy- 
50 1 -pentene, 6-ethoxy-l-hexene, 7-ethoxy-1-heptene,3-ethoxy-1 -octane, 9-ethoxy-1-nonene, 10-ethoxy-1-decene, 

11-ethoxy-1-undecene, 5-propoxy-1 -pentene, 6-propoxy-1 -hexene, 7-propoxy-1-heptene, 8-propoxy-t-octene, 
9-propoxy-1-nonene, 1 0-propoxy-1-decene, H-propoxy-l-undecenB: 5-butoxy-1 -pentene, 6-butoxy-1-hexene, 
7-butoxy-1 -heptene, 8-butcxy-1 -octene, 9-butoxy-1 -nonene, iO-butoxy-l -decene and 11-^butoxy-1-undecene; 
ethers having a branched hydrocarbon group, such as 

55 

7- melhoxy-7-methyl-1 -heptane, 

8- methoxy-8-methyl~1 -octene, 

9- methoxy-8-methyl-1 -nonene, 
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1 0-methoxy-9-niethyl-1 -decene, 
11 -methoxy-7-ethyi-l -undecene, 
7-ethoxy-6-methyi-1 -heptene, 

e-ethoxy-e-ethyl-^l -octene, 9-ethoxy-7-ethyi~1 -nonene, 
5 10-ethoxy-ethy!-1 -decene, 11-ethoxy-S-propyl-l-undecene, 

6- propoxy-6-methyl-1 -hexene, 

7- propoxy-7-methy!-1 -heptene, 

8- propoxy-8,8'dimethyl-1 octene, 

9- propoxy-9-methyl~1 -nonene, 

1 0~propoxy-9,9-dimQthyl~1 -decene, 
1 1 -propoxy 1 0 methyM -undecene, 
S-butoxy-S-ethyl-l -heptane, 
6'butoxy-6,6-dimethyl-t -hexene, 
7-butoxy-6-methyl-1 -heptene, 
^5 8-butoxy~6-ethyl-1-octene, 9-butoxy-9-methyl-'1-nonGne, 

1 0- butoxy-8,8-dir?iethyl-1 -decene and 
1 1 -butoxy-S,9-diethyi-1 -undecene; 

dialkoxy-a-o!efins, such as 

20 

9,10-dimethoxy-1-dodecene and 
1 0,11-dimethoxy-1-undecene; and 

trlalkoxy-a-olofins, such as 
9,1 0,11 ~trimethoxy-1 -undecene. 

[0367] Examples of the polar group-containing monomer of the formula (7') wherein X' is -COOR Include: 

o>-a!keni^carboxylic acid esters, such as 

30 

methyl 5-hexenoate, methyl 6-heptenoate, 

methyl 7-octenoate» methyl 8-nonenoate, 

methyl 9-decenoate, methyl 10-undecenoate, 

methyl 11 -dodecenoate, ethyl 5-hexenoate, 
35 ethyl 6-heptenoate, ethyl 7-oc!enoale, 

ethyl 8-nonenoate, ethyl 9-decenoate, 

ethyl 10-undecenoate, ethyl 11-dodecenoate, 

isopropyl 5-hexenoate, isopropy! 6-heptenoate, 

isopropy! 7-octenoate, isopropyl 8-nonenoate, 
40 isopropy! 9-decenoate, isopropyl 10-undecenoate, 

isopropyl 11 -dodecenoate, butyl S-hexenoate, 

butyl 6-heptenoate, butyl 7-octenoate, 

buytl-8-nonenoate, buty^ Q-decenoate, 

butyl 10-undecenoate, butyl 11 -dodecenoate, 
^ pentyj 5-hexenoate, pentyl 6-heptGnoate, 

pentyi 7-octenoate, pentyl 8-nonenoate, 

pentyl 9-decenoate, pentyl 10-iindecenoate and 

pentyl 11 -dodecenoate; 

50 alkenylcarboxylic acid esters having a straight-chain hydrocarbon group, such as 

methyl 2-methy!-5-hexenoate, methyl 2-methyl-6-heptenoate, 
ethyl 2-methyl-7-octenoate, methyl 2-methyI-8-nonenoate, 
butyl 2-methyl-9-decenoate, ethyl 2-methyl-10-ijndecenoate, 
butyl 2-ethy]"5-hexenoate, ethyl 2"-ethyl~6-heptenoate, 
isopropyl 2"ethy!-7-octenoate, ethyl 2~ethyl-8-nonenoate, 
methyl 2-ethyl~9-decenoate, ethyl 2-ethy I- 10-undecenoate, 
methyl 2-propyf-5-hexenoate, methyl 2~propyl-6-heptenQate, 
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ethyl 2-propyl-7-octenoate, methyl 2-propyl-9-decenoate, 
ethyl 2-propy!-10-undecenoate, methyl 2-butyl-7-octenoate, 

methyl 2-buty!-8-nonenoate, methyl 2-butyl-9-decenoate, and methyl 2-butyh 10- undecenoate; and 
5 alkenylcarboxylic acids having a branched hydrocarbon group, such as 

butyl 2-isopropyl-5-hexenoale, 

ethyl 2-isopropyl-6-heptenoate, 

methyl 2-isopropyl-7-octenoate, 
10 methyl 2-isopropyl-8-nonenoate, 

butyl 2-isopropyl"9-decenoate, 

methyl 2-iEopropyl-l 0-undecenoate, 

methyl 2-isobutyi~5~haxenoate, 

methyl 2-t-butyi-6-heptenoate, 
1^ ethyl 2-isopropyl-3-methyl-7-octenoate and 

propyl 3"isobutyl-3-methy!-9-decenoate. 

[0368] Examples of po^ar group-containing monomers of the fomrjuia (7') wherein X' is -CRO include: 
20 alkenylketone having a straight-chain hydrocarbon group, such as 

5-hexen6''2-one, 6-heptene-2-one, 7-octene-2-one, 

8- nonene-2*one, 9-decene-2-one, 10-undecene-2-one, 
ll-dodecene-2-one, 6-heptene-3-one, 7-octene"3-one; 
S-nonene-S-one, 9-decene-3-one, tO-undecene-3-one, 
11"dodecene-3-one, 7-octene-4-one, 8-nonene-4-one, 

9- decene-4-one, 1 0-undecefie-4-one, 11-dodecGne-4-one, 9-decene-6-one, 10-undecene-5-one and 
11 -dodecene-6-one; 

30 aikenyiketone having a branched hydrocarbon group, such as 

3-methyh6-heptene-2-one, 3-methyl-7-octene-2-one, 
3-methyl-8"nonene-2-one, 3-methyl-9-decene-2-one, 
3-ethyl-1 0-undecene-2-one, 3-methy!-1 1 -dodecene-2-one, 
35 2-methyl-7-octene-3*one, 2-methyl-8-nonene-3-one, 

2- methyl-9-decene-3-one, 2-methyf-1 0-undecene-3-one, 

3- methyl"7-octene-4-one, 3-ethyl-8-f>onene-4-one, 
3-ethyl-9-decene"4-one, 3-ethyl-i O-undecene-4-one, 
3-ethyi-1 1 -dodecene-4-one, 3-ethyl-9-decene-6-one, 

40 3-ethyl-10-yndecene-5-one and 

3*ethyl-11 -dodecene-S-one; 

alkenyldiketone, such as 

^ 8-nonene-2,4-one, 9-decene-2.4-one and 

10- undecene-2,4-one; and 

alkenyltriketone^ such as 

^ 1 0-undecene-2,4,6-one and 1 1 -dod6cene-2,4,6-one. 

[0369] Examples of the polar group-containing monomer of the formula (7") wherein X' Is -IMR'R" (R' and R" may be 
the same or different and are a hydrogen atom and/or a hydrocarbon group) include: 

^5 oj-alkenylamines, such as 

5-hexene amine, 6-heptene amine, 7-octene amine, 

8-nonene amine, 9-decene amine, 10»undecene amine and 11-dodecene amine; 
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alkenyfamlnes having a straighi:-<Jhain hydrocarbon group, such as 

2-methyi-5-hexene amine, 2-nnethyl-6'heptene amine, 
2-methyl*7-octene amine, 2-methy!-8'nonene amine, 

5 2-methyl-9"decene amine. 2-methyi-1 0-undecene amine, 

2-methyl-11 -dodecene amine, 2-ethyl-5-h0xene amine, 
2"ethyl"6-heplene amine, 2-ethyi-7-ociene amine, 
2-ethyl-8-nonene amine, 2-ethyl-9-decene amine, 
2-ethyl-1 0-undecene amine, 2-propyh5-hexene amine, 
2-propyl-6--heptene amine, 2-propyh5-he>:ene amine, 
2^propyl"6-heptene amme, 2"propy!-7 octene amine, 
2-propyl-8"nonene amine, 2-propyh9-decGne amine, 
2-propy!-10-undecene amine, 2-butyl-5-hexene amine.. 
2-butyl-6-hepten6 amine, 2-butyi-7-octene amine, 

^5 2-butyl-8-nonene amine, 2-buty[-9-decene amrne and 

2-butyl-iO-undecen6 amine; and 

all<0ny!amines having a branched hydrocarbon group, such as 

2-isopropyi~5~hGxene amine, 2-isopropyl-6-heptene amine, 
2-isopropyl-7-octene amine, 2-rsopropyl-8-nonene amine, 
2-isopropyi-9-decene amine, 
2-isopropyi-10-undecene amine, 
2H'sobutyi-5-hexene amine, 2-t-buty!-6-heptene amine, 
^5 2-isopropyi-3-methyl-7"OCtene amine, 

2- methyl-3-isopropyl-8'nonene amine, 

3- isobutyl-3-methyt-9-decene amine, 
2,2-dimethyl-10-undecene amine and 
2,3,3-trimethyl-11 -dodecene amine, 

30 

[0370] Aiso employable are 

N-all<yl-o>-ail<enylamines, such as 

35 N-methyi-5-hexene amine, N-methyl-6-heplene amine, 

N-methyi-7-octene amine, N-metliyl-8-nonene amine, 
N-methyl-9-decene amine, N-methyl-10-undecene amine, 
N-methyl~11 -dodecene amice, N-ethyl-5-hexene amine, 
N-ethyi~6-heptene amine, N-ethyi-7-octene amine, 

^ N-ethyl-8-nonene amine, N-ethyf-9-decene amine, 

N~ethyl-10-undGcen& amine and 
N-ethyl- 11 -dodecene amine; 

N-all<ylalkenylamines having a straight-chain hydrocarbon group, such as 

43 

N-methyl"6-heptene-2-amine, N-etlny1-7-octene-2-amme, 
N-methyl-8-nonene-2-amine, NH2thyl-9-decene-2-amine, 
N-methyl-1 0-undecene-2-amme, N -ethyl -S-nonene-S-amine, 
N-methyl-Q-decene-S-amine, N-ethyi-1 0-undecene-3-amine, 
^ N"ethyl-8-nonene-4~amine, N-methyi-9"decene-4-amine and 

N-ethyl'l O-undecene-4-amine; 

N-alkylalkenylamines having a branched hydrocarbon group, such as 

55 N-methyl-2-methyi-6-hexene amine, 

N-ethyi-2-methyl-6-heptene amine, 
N-methyl-2-methy!-7-octene amine, 
N-ethyl-2-methyl-8-nonene amine, 
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N-ethyl-2-methy[-9-decene amine, 
N-methy!-2-methy-1 0-undecene amine, 
N-methyl''2-ethyl-7-octene amine, 
N-ethyl-2-ethyl~9-decene amine 
and N-methyl*2-ethyl-10-undecene amine; 



N,N-djalkyl-oi>-all<enylamines, such as 

rs],N-dimettiyf~5-hexene amine, 
N,N-dimethyi"6*heptene amine, 
N,N-dimethyl-7-octene amine, 
N,N-dlmethyl-8-nonsnG amine, 
N,N-dimethyl-9-decene amine, 
N,N-dimettiyl-1 0-undecene amine, 
N,N*dimethyl-11-dodecene amine, 
N,N-diethyi"5-hexene amine, 

N,N-diethyl-6-heptene amine, N,N~diethyf-7-oc£ene amine, 
N^N-diethyi-S-^nonene amine, N,N-diethyl-9-decene amine, 
N,N-dletliyl-1 0-undecene amine and 
N,N-dletliyl"11-dodecene amine; 

N,N-dialkyla!kenylamines liaving a straiglit-chain hydrocarbon group, sucli as 



N , N-dimetliy I "6 -heptene-2-am ine , 
25 N,N-dletliyl-7-octene-2-amine, 

N,N~dlmethyl-8-nonene-2-amine, 

N,N-diethy!~9-decene-2-amine, 

N,N-dimethyl-1 0-undecene-2-amine, 

N,N-diethyl-8-nonene"3-amine, 
^ N,N-dimethyl-9-decene-3-amjne, 

N, N-diethyl-1 0-undecene-3-amfne, 

N, N-diethy!*8-nonene-4-amine, 

N, N-dimethyf-9»decene-4-amine and 

N,N-diethyl-10-undec8ne'4-amine; and 

35 

N,N-diaJkylalkenylamines liavfng a branched hydrocarbon group, such as 



N,N-dimethyl-2"methyl-5-hexene amine, 
rsi:N-diethyl"2-methyi"6"heptene amine, 
N,N-d^methyl~2-methyl-7~octene amine, 
N,N-diethyl-2-methyi-8-nonene amine, 
N,N"di©thyl-2-methyi-9-decene amine, 
N,N-dimethy!-2-methy!-1 0-undecene amine, 
N,N-dimethyi-2-ethyl-7-octene amine, 
^5 N,N-diethyl-2-ethyi-9-decene amine and 

N,N-dimethyi-2-ethyl-1 0-undecene amine . 



[0371] Examples of polar group-containing monomers of the formula (7') wherein X' is -CONRg (R is a hydrogen 
atom or a hydrocarbon group) include: 

50 

to-alkenylamides, such as 



5-hexene amide, 6-heptene amide, 7-octene amide, 

8~nonene amide, 9-decene amide, 1 0-undecene amide and li-dodecene amide; 

55 

all<eny lam ides having a straight-chain hydrocartson group, such as 



6-heptene-2-amide, 7-octene-2-amtde, 8-nonene-2-am1de, 
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9-decene"2-am}Cie, 10-undecene-2-amide, 8-nonene-3-amicle, 

9- decene-3-annide, 1 0-undecene-3-amide, 
11-dodecene-3-amide, 8-nonene-4-annide, 9-decene--4-amide, 

1 0- undecene-4-amide, 1 1 *dodecene-4-amide, 
5 9-decene-5-amide and 10-undecene-5-amide; 

N-alkyi-w-alkenylamidQs, such as 

N-methy!-5-hexene amide, N-methy!-6-heptene amide, 
N-methyl-7-octene amide, N-methyl-8-nonene amsde, 
N-methyl-9-decene amide, N-methyl-1 0-undecene amide, 
N-methyi-11-dodecene amide, N-ethyl~5-liexene amide, 
N-etbyl-e-heptGne amide, N-ethy^-7-octene amide, 
N-ethyl-S-noneriG amide, N-ettiyl-9-decene amide, 
^5 N-ethy!-1 0-undecene amide and 

N-ethyl-11-dod©cene amide; 

N,N-dialkyl-a>-alkenylamides, such as 

20 N,N-dimethyl~5-hexene amide, 

N,N-dimethyl-6-heptene amide, 

N,N-dimetliyl'-7-oct€ne amide, 

N,N-dimethyl-8-nonene amide, 

N,N-d!methyl-9-decene amide, 
55 N,N'dimethy!-10-undecene amide, 

N,N-drmetliy1-11 -dodecene amide, 

N,N-dlethyl-5-hexene amide, 

N,N-dlethyl-6-heptene amide, N,N-dlethyl-7-octene amide, 
N,N-diethyl"8-nonene amide, N,N-diethyl-9-decene amide, 
30 N,N-diethyl-10-undecene amide and 

N,N-diethyl-11-dodecene amide; 

alkenylamldes having a branched hydrocarbon group, such as 

35 2-methyl-5-hexene amide, 2-melhy!-6-heptene amide, 

2-methyl-7-octene amide, 2-methyl-8-nonene amide, 
2-methyl-9-decene amide, 2-metyl-1 0-undecene amide, 
2-othy]-5-hexene amide, 2~ethyl-6-heptene amide, 
2 etliy["7~octene amide, 2-ethyl~8~nonene amide, 

40 2-etliyS"9"decene amide, 2-ethyl-1 0~undecene amide, 

2-6thy!-11-dodecene amide, 2-propyl-5'hexenG amide, 
2-propyl-6-heptene amide, 2-propyl-7-octGn© amide, 
2-propy!-S-nonene amide, 2-propyl-9-decene amide, 
2-propyl-10~undecene amide, 2"propyf-11-dodecene amide, 

45 2-bytyl-5-hexene amide, 2-butyl-6"heptene amide, 

2-bLityl-7-octene amide, a-butyl-S-nonene amide, 
2-bu£yl-9-decene amide and 2-butyh1 0-undecene amide; 

N,N-dialkylalkenylamides having a branched hydrocarbon group, such as 

50 

N,N-d{methyl-2-methyl-5»hexene amide, 
N,N-d{ethyl-2-methy}-6-heptene amide, 
N , N -d im etfiy I -2-m et hy 1-7- octe n e am ide , 
N,N-diethyl-2-methyl-S-nonen6 amide, 
55 N,N-diethyl-2-methyl-9-decene amide, 

N,N-diethyi-2-methyl-1 0-undecene amide, 
N , N -di m et liy [-2 -ethyl -7-oclene am ide , 
N,N-diethyl-2-ethyl-9-decene amide and 
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N,N-dimGthyl"2-ethyl-1 0-undecene amide; 
alkenyldiamides, such as 

5 6-h^tene-1 ,2-djam?de, 7'0Ctene-1 ,2-diamldo, 

8- nonene-1 ,2-diamide, 9-decene-1 ,3-diamide, 
10-undecene-1 ,3-diamlde and 11-dodecene amide; and 

alkenyltriamEdes, such as 

10 

9- decene-1 ,2,3-triamide and 1 0"Undecene-1,2,3-triamide. 

[0372] Examples of thG polar group -containing monomer of the fonnula {T) wherein X' is -OCOR (R is a hydrocart^on 

group) are; 

15 

cartooxyfic acid-w-alkenyl, such as 

formic acid~5-hexenyl, formic acid-6-heptenyl, 

formic acid-7-octenyl. formic acld-8-nonenyL 
^ formtc acid-9-decenyi, formic acid-10-undeceny!. 

formic acid-11-dodGcenyL acetic acid-5~hexenyl, 

acetic acjd-6-heptenyl acetic acid-7-octenyl, 

acetic acid-8-nonenyi, acetic acid-9-decenyl, 

acetic acid-10-undecenyL acetic acrd-11-dodecenyl, 

propionic acid-S-hexenyl, propionic acid-e-heptenyf, 

propionic acid-7-octenyl, propionic acid-8-nonenyl 

propionic acid-9-decGnyl, propionic acfd~10-undecenyj, 

propionic acid-11-dodecenyl, acetic acid-5-hexenyl, acetic 

acld-6-heptenyl, acetic acfd™7-octenyl, 
^ acetic acid-8-nonenyl, acetic acid-9-decenyl, 

acetic acid-10-undecenyl and acetic acid-11-dodecenyl; and 



carboxylic acid-o-alkenyl having a branched hydrocarbon group, such as 



^ formic acid-2-methyr-5-hexenyl, 

formic acid-2-methyi-6-heptenyl, 
formic acld-3-ethyl-7-octenyi, 
formic acid-2-methyS-8-nonenyl, 
formic acid-3-ethyl-9-decenyl, 

^ formic acid-2-methyl-1 0-undecenyL 

formic acid-2-mGthyM 1 -dodecenyl, 
acetic acid-2-methyh5''hexenyl, 
acetic acid-2-methyl-6-heptenyl, 
acetic acld-'3~Gthyl-3-ethyl-7-octenyl , 

^ acetic acid-2-methyl-8-nonenyl, 

acetic acid-S-ethyl-Q-decenyi, 
acetic acid-2-methyl-10-undecenyh 
acetic acid-3-ethyl-11 -dodecenyL 
propionic acid-2-methyl-5-hexenyl. 

50 propionic acid-2-methyi-6-heptenyl, 

propionic acid-2-methyl-7-octeny!, 
propionic acid-2-methyl-8-nonenyi, 
propionic acid-2"methyl-9-decenyj, 
propionic acid-2«methyl-1 0-undecenyl, 

55 propionic acid-2-methyl-11 -dodecenyl, 

butyric acid-2-methyl-5-hexenyl, 
butyric acid-2-methyl-6-heptenyL 
butyric acid-2-methy!-7-octeny!, 
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butyric acid-3-methyl-8-nonenyL 
butyric acid-3-methy(-9-deceRy[, 
butyric acid-4-methyi-10-unclecenyl and 
butyric acid-3-methyl-1i-dodecenyl. 

[0373] Examples of the polar group-containing monomer of tlie formula (7') wherein X' is -CN include: 

o>-a]kenylnitryls, such as 

S'-hexenenitryl, 6-heptenenitiy!, 7-octenenitryl, 

8-fion©nenitryl, 9-decenenitryl, 10-undecenenitryl and 11-dodecenenitryl; 

alkenylnitryls having a straight-chain hydrocarbon group, such as 

2-methy!-5-hexeneritryl, 2-mGthyl-6-heptenenitryl, 
2-methyl-7-octenGn!tryi, 2-methyl'8"nonenenitryl, 
2-m6thyl-9-decenenitryl, 2-methyl-1 0-undecenenitryl, 
2-methyl-11-dodecenenitryl, 2-ethyl-5-haxGnenitryl, 
2-ethy[-6"heptenenitryi, 2-ethyi-7-octenerfitryl, 
2-ethyf-8-nonenenitryl, 2-ethyl"9-decenenitryl, 
2-ethyl-iO-undecenenitryl 2-propyl-5-hexenenltryl, 
2-propy!-6-heptenenitryi, 2-prQpyl-7"0ctenenitryi, 
2-propyl-8-nonenenftryl, 2-propyl-'9"decenenitryl. 
2-propyl-10-undecenenitry}, 2-butyl»5"hexenenitryl, 
2-butyl-6-heptenenitryl, 2-butyl"7-octenenitryl, 
2-buty[-8-nonenenitryi, 2-butyh9~decenenitryl and 
2-butyi-1 0'Undecenenitryt: 

alkenylnitryls having a branched hydrocarbon group, such as 

2-isopropyl-5-hexenenitryl, 2"isopropyl-6-heptenenitryl, 
2Hsopropyl-7-octenen[tryl, 2"isopropyl-8-nonenenitryl, 
2-lsopropyl-9-decenenitryl, 
2-isopropyI-10-undecenenitryl, 
2-isobulyl-5-hexejienitryl, 2-t-biityh6-heptenenitryi, 
2-isopropyl-3-methyl-7-octenenitryl, 

2- methyl-3-isopropyh8'nonenetryi, 

3- is ob uty 1-3- m ettiy1-9-decenen It ry I , 
2,2-dimethyhl 0-undecenenitryi and 
2,3,3-trimethyl-11 -dodecenenitryl; 

alkenyidfnitryl, such as 

1 0-undecene-l ,2-dfnitryl and 11-dodecene-1 ,2-dmitryJ; and 
alkenyltrinitryl, such as 

iO-undecene-1 ,2,3-trinitryl. 

10374] Examples of the polar group-containing monomers of the formula (7') wherein X* is -OH include: 

co-afkenyialcohols, such as 

4~pentene-1 -oL 5-hexene-1-ol, 6-heptene-1-Ql, 7-octene-1 -ol, 8-nonene-1-oi, 9-decene-1-o!, 
10-undecene-1-ol and 11-dodecene-1-oi; 

alcohols having a straight-chain hydrocarbon group, such as 



72 



.11G6619A2..,L> 



EP1 186 619 A2 



6-hexene-2-ol, S-heptsne-a-ol, 7*octene-2-ol , 

8- nonene-2-oL 9-decene-2-ol, 1 0-undecGne-2-oi, 
6-heptene-3-ol, 7~octene-3-ol, 8-nonene-3-ol, 

9- decene-3-ol, 10-undecene-3-oL 

5 11-dodecene-3-ol, 7-octene-4-ol, 8-nonene-4-ol, 9-decene"'4-oi, 1 0-undecene-4-ol, 8-nonene-5-ol, 

9-decene-5-o! and 10-undecene-5-ol; 

alcohols having a branched hydrocarbon group, such as 

^0 2-ethyl-5-hexene-1-ol, 3-nnethyl-6-heptene-1-ol, 

3-methyl-7-octene-i -ol, 4-methyl-8-nonene-1 -ol, 

3'ethy)"9"decene-1 -ol, 2-methyM O-undecene-2-ol, 

2,2~dimethyl-7-octene-1 -ol, 

3-ethyi-2-methyl-8-nonene-1 -ol, 
^5 2,2,3-trimethyl-9-dec6ne-1-oi and 

2,3,3.4-tetramethyl-10-undecene-2-ol; 

dfols, such as 

20 9-decene-1 ,2-dio(, 1 0-undecene-1 ,2-diol, 

11-dodece!ie-1,2-dio! and 11-dodecGne-1 ,2-dlol; and 

triors, such as 10-undecene-i ,2,3-trloL 

25 [0375] Examples of the polar group-containing monomer of the formula (7*) wherem X' is -CHO include; 

o>-all<enylaldehydes, such as 

5-hexenal, 6-heptenat, 7-octena], 8-nonenat 9-decenal, 
30 1 0-undecenal and 1 1 -dodecenal ; 

alkenylaldehydes having a straight-chain hydrocarbon group, such as 

2-methyl-5-hexenai, 2-methyl-6-heptenaL 
55 2-methyl-7-octenal, 2-methyl-8-nonenal, 

2-methy}-9-decena}, 2-methyi-1 0-undecenal. 

2-methyh1 1 -dodecenal, 2-ethy!-5-hexenal, 

2-ethyl-6-heptenal , 2-ethyi-7-octenal , 

2-ethyl-8-nonenal, 2-ethyl-9~decenal, 
^0 2-etbyl-10-undecenal, 2-propyl"5"hexenal, 

2-propyl-6-heptenal, 2-propyl-7-octenaL 

2-pfopy!-8-nononaL 2-propyl-9-decenaL 

2-pfopy!-1 0-undecenaL 2™butyl"5-hexenal, 

2-butyl-6-heptenal, 2-butyl-7-octenal, 
-^5 2-butyl-8-Tionenal, 2 -butyl -9 -decs na I and 

2-biityl-1 0-undecenal; and 

alkenylaldehydes having a branched hydrocarbon group, such as 

^ 2-fsopropyi-5-hexenal, 2-isopropyl-6-heptenal, 

2-isopropyl-7-octenal, 2-rsopropyh8-nonenal, 
2-isopropyl-9-decenal , 2-jsopropyi-1 0-undecenai, 
2-isobutyl-6-hexenal, 2-t-butyl-6-hGptenaL 

2- isopropyl-3-methy l-7-octenal , 
55 2-methyl-3Hsopropyl-8-nonena^ 

3- isobutyl-3-methy!-9-decenal, 
2, 2-dimethyi-l 0-undecenal and 
2,3,3-tnmethyM1 -dodecenal. 



73 



HViSDQCID: <EP. 



.118e619A2_L> 



EP1 186 619/^ 



10 



15 



20 



S5 



30 



35 



40 



45 



50 



[0376] Examples of the polar group-containing monomers of the formula (7) wherein X' Is -COOH include: 

o>alkenylcarboxyiic acids, such as acryl acid, 5-hexenoic acid, 6-heptenoic acid, 7-octenoic acid, 8-nonenolc acid, 
9-clGcenoic acid. 10-undecenoic acid and IVdodecenolc acid; 
alkenyicarboxylic acids having a straight-chain hydrocarbon group, such as 

2-methyl-5-hexenoic acid, 2-methyl-6-heptenoic acid, 
2'methyl-7-octenovc add, 2-m ethyl- B-nonenoic acid, 
2*methy!-9-decenoic acid, 2-methyl-10-undecenoic acid, 
2'methy3-11 -dodecenoic acid, 2-ethyl-6-hexenoic acid, 
2-ethyl-6-hGptGnoiG acid, 2 -ethy(-7-octenoic acid, 
2-ethyl-8-nonenoic acid, 2"Othyl~9-decenoic acid, 
2-ethyl-1 0-undecenoic acid, 2-propyl-6-hDxenoic acid, 
2-propyl-6-heptenoic acid. 2~propyl-7-octenoic acid, 
2-propyl-8-nonenoic acid, 2-propy!-9-decenoic acid, 
2-propy!-1 0-undecenoic acid, 2-buty!-5-hexenoic acid, 
2-butyi-6-heptenolc acid, 2 -butyl -7-octenoic acid. 
2-butyl-8-nonenolc acid, 2-biJtyl-9-deceno]c acid and 
2-butyt-10-yndecenoic acid; and 

alkenyicarboxylic acids havirr^ a branched hydrocarbon group, such as 

2-isopropyl-5-hexenoic add, 
2-isopropyl-6-heptenoic acid, 
2-isopropyl-7-octenoic acid, 
2-isopropyl-8-nonenoic acid, 
2-isopropyi-9-decenoic acid, 
2-lsopropy1-10-undecenorc acid, 
2-isobutyl-5-hexenolc add, 
2-t-butyl-6-heptenoic acid, 
2-lsopropyl-3-methy)-7-octenoic acid, 

2- methyl-3-isopropyi-8-nonenoic acid, 

3- isobutyl-3-methyl-9-decenoic acid, 
2,2-dimethyl-10-undeceno)c acid and 
2,3 ,3-tnmethyl-1 1 -dodecenoic acid. 

[0377] Examples of the polar group-containing monomer of the formula (7') wherein X' is an epoxy group indude; 

o>-alkenylepoxides, such as 

5-hexene epoxide, 6-heptQn© epoxide; 7-OGtene epoxide, 
8-nonene epoxide, 9-decene epoxide, 1 0-undecene epoxide and 
1f-dodecene epoxide; and 

alkeny [epoxides having a branched hydrocarbon group, such as 

2-methyl-5-hexene epoxide, 2"methyl-6-heptene epoxide, 
2-methyl-7-octene epoxide, 2-m6thyh8-nonene epoxide, 

2-methyl-9-decene epoxide and 
2-methyl-1 0-undecene epoxide. 



55 
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wherein R^. R^^ y, m, n and s have the sams meanings as those of RS. Y. m, n and s, respectivelv in the 
formula (6). 

[0378] in the above tormuia (B), and are preferably a direct bond or a hydrocarbon group of 1 to 10 carbon 
atoms and Y is preferably -OR, -COOR, -CRO, -NR2.. an epoxy group, 

-CNE2 -OCR 

II II 

o . o 



(R is a hydrogen atom or a hydrocarbon group), -C^N, -OH, -COOH or -NH^. 

[0379] Examples of polar group-containing monomer represented by the formula (8) wherein Y Is ^OR (R is a hydro-^ 
t5 gen atom or e hydrocarbon group) include 

bicyclic monoethers such as 

20 
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^0 bicyclic diethers such as 
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, and 

tetracyciic diethers such as 




10 



OCR, 



OCR. 




CH2OCK3 



IS 




CH2OCH. 



CH2OCH3 




CH2CH2OCH3 



CH2OCH3 
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[0380] Examples of poiar group-containing monomer represented by the fonnula (8) wherein Y is -COOR (R is a 

hydrogen atom or a hydrocarbon group) include 

bicyciic carboxytic acid esters such as 
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tetracyclic dicarboxylic acid esters such as 



82 

BNSDOCID: <EP. 1 ie6619A2_[_> 



EP 1 186 619 A2 




COOCH3 



COOCH-, 



2COOCH3 
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COOCH2CH3 



COOCH2CH3 




CH2COOCH3 



CH2COOCH3 



> and 

acid anhydrides such as 




O 
II 



aox> 



il 

o 



[0381] Examples of polar group-containing monomer represented by the lormula (8) wherein Y Is -CRO (R is a 

hydrocarbon group) inciude 

bicycNc ketones such as 
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tetracyclic diketones such as 




COCH. 



COCH3 




COCH. 



CH2COCH3 



15 




CH2COCH3 



CH2COCH3 




[0382] Examples of polar group-containmg monomer represented by the formula (8) wherein Y is -NR2 (R is a hy- 
20 drogen atom or a hydrocarbon group) include 

bicycllc amines such as 



25 



30 




N(CH 



3^ 2 




CH^N (CH3) 2 




CH2N(CH3)2 



35 




CH2CH2N(CH3)2 




CH2CH3CH2N (CK3) 2 



40 



45 




(CH2)4N(CH3)2 




(CH2) 5N(CH3)2 



50 




CH2)6N(CH3)2 




.(CH2)7N(CH3)2 
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(CH2)8N(CH3)2 




(CH2)9N(CH3)2 
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'N(CH3)2 





CH2NHCH3 





CH2N (CH3) 2 




CH2N (CH3) 2 





CH2NHCH3 
H2CH3 

CH2NHCH2CH3 




CH2CH3 



H2NHCH3 




(CH2)3N(CH2CH3)2 



bicyclic diamines such as 



CHjN (CH2CH3) 2 




HjN (CK2CH3) 2 



CH, 




CHjN (CH2CH3) 2 




■(CH3) 2NHCH3 




K2N (CH3) 2 
CH2N(CH3)2 

^•^'^^''''^CHjN {CH3) 2 

CH2CH2N (CH3)2 

CH2CH2N(CH3)2 



^^;;v^^CH2N{CH3)2 

^■^'^"^^N (CH3)2 



aCH2NHCH3 
( 




CH2NHCH3 

^."^^^^..^^CHjC^^ (CH3} 2 
CH2N{CH3)2 



(X 
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N (CH3)2 




K (CH3}. 



10 



15 




N(CH3)2 




CH2N (CH3} 



20 



25 




, and 

tetracyclic diamines sucli 



CH2N{CH3)2 




CH2N{CH3) 



CH2CH2 



30 



35 




N(CH3). 



N(CH3)2 




N(CH3)2 



CH2N (CH3) 



40 




CH2N(CH3)2 



CH.2N (OH^) 2 




CH2CH2NH2 



CH2N (CH3) 



^ [0383] Exampiss of polar group-contarning monomer represented by the formula (8) wherein Y is 



50 



-CNR. 
II 

o 



(R is a liydrogen atom or a hydrocarbon group) include 
55 bicyclic amides such as 
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CONHj 
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CH^CONH; 



H2CH3 



CH2CH2CONH2 






CH2CH2CONH2 

'CH2 CH2OH 2 
CH2CH2CH2CONH2 

CH2CH-JJ 

CH2CON(CH2CH3)2 



CONH, 



CH2CH- 




CONH, 



H2CH 







CH2CONH2 
CH2.CH2CH2 
CK2CH2CONH2 
CH2 CH3 

CH2CH2CH2CONH2 
CH3 

H2CON(CH3)2 




CH2CHCON{CH3) 2 
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CH2CONHCH3 




CH^C (CH3) 2CH3COISfH2 




CH2CONHCH2CH3 



blcyclic aiamides such as 
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tetracyclic amides such as 
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so 
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55 , and 

tetracyclic di am Ides such as 
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[0384] Examples of polar group-contaming monomer represented by the formula (8) wherein Y is 

-OCR 

!l 
o 

(R Is a hydrogen atom or a hydrocarbon group) include 
bicycllc esters such as 
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tetracyclic esters such as 




, and 

tetracyclic diesters such as 
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[0385] Examptes of polar group -containing monomer ropresGnted by the formula (8) wherein Y is -C = N include 
bicycllc nitriles such as 



5Q 



55 
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[0387] Examples of polar group-containing monomer represented by the formula (8) wherein Y is -COOH Include 
brcyclrc monocarboxylrc acids such as 
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COOH 










CH2COOH 

'CH2 CH^ 
CXH2CH2COOH 

CH3 

CH2CH2COOH 
CH2 CH2CH2 

CK2CH2CK2C00H 



H(C0OH)CH2CH, 




CH{C0OH)CH3 




HjC {Cti^) 2CH2COOH 



CH2CH- 




aCHjCOOH 
c 






H.2CH2CH2 

CH2CH2COOH 

CH2CH^ 

CHjCHgCHjCOOH 
CH3 

CH (COOH)CH3 




CH2CH(COOH)CH3 




CH(COOH) CH2CH3 



COOH 



K2CH 2C^3 



bicyclic dicarboxyiic acids such as 
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tGtracyc!ic carboxy^rc acids such as 




, and 

tetracyciic dicarboxyiic acids such as 
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[038fi] Examples of polar group-contarning monomer represented by the formula (8) wherein Y is «CHO include 
bicyclic aldehydes such as 
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CH2C(CH3)2CH2CHO 



so bicyclic diaidehydes such as 
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tetracyclic aldehydes such as 
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tetracyclic dialdehydes such as 
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15 [0389] Examples of polar group-containing mononiGr represGnted by the formula (8) wherein Y is -NH2 include 
bicyclic monoannines such as 
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tetracyclic monoamines sucli as 
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tetracyclic diamines sucli as 
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[0390] In this invention, it is also possible to copolymerize polyenes witli the a-clefins and the polar group-containing 
20 monomers. Exemplified polyenes are olefins having an aliphatic ring or an aromatic ring, such as cyciopentene, cy- 
cloheptene, 2-methyl-1 ,4,5, 8-dimethano-1 ,2,3,4, 4a, 5,8, 8a-octahydronaphthalene, styrene and vinylcycbhexane; 
chain or cyclic diene, such as butadiene, isoprene, 1 ,4-hexadione, dicyciopentadiene, 5-ethylidene-2-norbornene, 
7-methyl-1 ,6-octadiene; chain or cyclic triene, such as 6,10-dimethyhl ,5,9-undecatriene and 5,9-dimethyl-1 ,4,8-dec- 
athene; and chain or cyclic tetraene, such as 6,1 0,1 4-tnmethyl-l ,5,9,1 S-pentadecatetraene and 5,9,1 3-trimethyl- 
25 1 ^ 4 , 8 , 1 2~tet radecatetrae n e . 

[0391] In one process for preparing a polar group-containing copolymer according to the first embodiment of the 
invention, at least one olefin selected from the above-mentioned a»olefln of 2 to 20 carbon atoms is polymerized with 
a polar group -containing monomer represented by the formula (7) and/or a polar group-containing monomer repre- 
sented by the formula (8) in the presence of the aforesaid olefin polymerization catalyst under the following polymer- 
30 ization conditions. 

[0392] When the polar group-contammg monomer is such a monomer that X in the fomiula (7) is -OH and Y in the 
formula (8) is -OH , it is preferable to use a transition metal compound (A) represented by any one of the formulas (1 1 ) 
to (16): more preferably a transition metal compound (A) represented by any one of the fonnulas (11) to (15). When 
the polar group-containing monomer Is such a monomer that X in the formula (7) Is -NR'R*' (R' and R" may be the same 
55 as or different from each other and are a hydrogen atom and an alky I group) and Y in the formula (8) is -NR2 (R is 
hydrogen or an alkyi group), it is preferable to use a transition metal compound (A) represented by any one of the 
formulas (11) to (16), more preferably a transition metal compound (A) represented by any one of the formulas (11), 
(12), (14), (15) and (16). 

[0393] in the process for preparing a polar group-containing copolymer according to the first embodiment of the 
^ invention, a polar group can be selectively introduced to a terminal end of a polymer chain or inside of the main chain 
by the selection of type of polar group and reaction conditions. Further, characteristics of the polar group-containing 
polymer can be diversified by using two or more kinds of olefins at polymerization. 

[0394] Deactivation of the catalyst by the functional group-containing monomer can be made as low as possible by 
previously contacting the transition metal compound (A) and/or the polar group-containing monomer wrth the organoa- 
45 luminum compound. 

[0395] To contact the polar group-containing monomers with the organoaiumlnum compound, there are a method 
of previously contacting them prior to adding them to the polymerization system and a method of adding the two com- 
ponents successively to the polymerization system, and any of these methods is useful. 

[0396] To contact the transition metal compounds with the organoaluminum compound, there are a method of pre- 
50 viously contacting then priorto adding them to the polymerization system and a method of adding the two components 
successively to the polymerization system similarly to the above, and any of these methods is useful. 
[0397] In the polymerization, the transition metal compound (A) is used in an amount of usuaHy about 0-00005 to 
0.1 mmol, preferably about 0.0001 to 0.05 mrrtoL in terms of the transition metal atom, based on 1 liter of the polym- 
erization volume, 

55 [0398] The organoaluminum oxy-ccmpound (B-1 ) is used in such an amount that the amount of the aluminum atom 
becomes usually about 1 to 10,000 moL preferably 10 to 6,000 mol, based on 1 mol of the transition metaf atom. 
[0399] The ionizing ionic compound (B-2} is used in such m amount that the amount of the boron atom becomes 
usually about 0.5 to 500 mol, preferably 1 to 100 nriol, based on 1 mot of the transition metal atom. 
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[0400] The organoaiuminum compound {B-3) is used in such an amount that the amount of the aluminum atom 
becomes usually about 1 0 to 500 mol. preferably about 20 to 200 moL based on 1 mol of the transition metal atom. 
[0401 ] When the organoaluminum oxy-compound (B-1 ) and the organoaluminum compound (B-3) are used in com- 
bination, the organoaluminum compound (B-3) is used when needed in an amount of usually about 0 to 200 mol, 
5 preferably about 0 to 100 mol, based on 1 mol of the aluminum atom In the organoaluminum oxy-compound (B-1). 
When the ionizing ionic compound (B-2) and the organoaluminum compound (B-3) are used in combination, the or- 
ganoaluminum compound (B-3) is used when needed in an amount of usually about 0 to 1000 mol, preferably about 
0 to 500 mol, based on 1 mol of the boron atom in the ionizing ionic compound (B-2). 

[0402] When the organosiiicon compound (C) is used, this compound is used in an amount of 1 to 1000O mol, prei- 
10 erably 1 0 to 5000 mol, based on 1 mol of the transition metal atom, 

[0403] When the dialkylzinc compound (D) is used, this compound is used in an amount of 1 to 1 0000 mol, preferably 
10 to 5000 mol, based on 1 mol of the transition metal atom. 

[04041 When hydrogen is used, the hydrogen is used in an amount of IQ-^to 1 mol, preferably 10-^ to 10"^ mol, based 
on 1 moi of the total of the olefin and the polar group-containing monomer used m the polymerization, 
15 [0405] Although there is no specific limitation on the ratio between the polar group-containing monomer and the 
transition metal atom> the polar group-containing monomerAransition metal atom molar ratio is in the range of usuaffy 
1/1 00 to 10000/1, preferably 1/10 to 5000/1. 

[0406] Copolymerization of an olefin and the polar group-containing monomer can be carrred out by any of a liquid 
phase polymerization process such as suspension polymerization or solution polymerization, a gas phase polymeri- 

^0 zatlon process and a high-pressure process. 

[0407] In the liquid phase polymerization, an inert hydrocarbon medium is used, and examples thereof include aliphat- 
ic hydrocarbons, such as propane, butane, pentane, hexane, heptane, octane, decane, dodecane and kerosine; ali- 
cyclic hydrocarbons, such as cyclopentane, cyclohexane and methylcyclopentane; aromatic hydrocarbons, such as 
benzene, toluene and xylene; and halogenated hydrocarbons, such as ethylene chloride, chlorobenzene and dichlo- 
romethane, The olefin itself can be sued as a solvent. These solvents may be used in combination- 
[0408] When the suspension polymerization is conducted, the polymerization temperature is usually in the range of 
-50 to 1 00°C, preferably 0 to 90°C; when the solution polymerization is conducted, the polymerization temperature is 
usually in the range of 0 to 300^C, preferably 20 to 250°C: when the gas phase poiymerization Is conducted, the 
polymerization temperature is usually in the range of 0 to ^20^0, preferably 20 to 100^C; and when the high-pressure 

30 process is conducted, the polymerization temperature is usually in the range of 50 to 1 000°C, preferably 1 00 to SOO^C. 
The polymerization pressure is usually in the rar>ge of atmospheric pressure to 100 kg/cm^, preferably atmospheric 
pressure to 50 kg/cm^. In case of the high-pressure process, the pressure is usually in the range of 100 to 10000 kg/ 
cm2, preferably 500 to 5000 kg/cm^. The polymerization reaction can be carried out by any of batchwise. semi-contin- 
uous and contmuous processes. Further, the polymerization can be carried out In two or more steps under different 

35 reaction conditions. 

[0409] The molecular weight of the resulting polar group-containing olefin copolymer can be regulated by controlling 
the amount of hydrogen, the organosilicon compound or the dialkylzinc compound or changing the polymerization 
temperature or the poiymerization pressure. 

[0410] In the process for preparing a polar group-containing copolymer according to the first embodiment of the 
40 invention, an a-olefin of 2 to 20 carbon atoms and a polar group-containing monomer represented by the following 
formula (7"") and/or (8') are copolymerlzed in the presence of a catalyst comprising: 



(A) the transition metal compound, and 

(B) at least one compound seiected from: 



45 



{B-1) an organoaluminum oxy-compound, 

{B-2) a compound which reacts with the compound (A) to fomn an ion pair, and 
{B-3) an organoaluminum compound. 



50 



CH^=CH-R^"-X-p 



(7") 



55 



wherein R^' is a hydrocarbon group of 2 or more cartoon atoms, X" is -OR, -COOR, -CRO, -C(0)NR£, -0C(0) 
R (R is a hydrogen atom or a hydrocarbon group), an epoxy group, -C^N or -NH2, and p Is a positive integer 
of 1 to 3. 



The polar group-containing monomer represented by the formula (7") is, for example, the polar group- 
containing monomer represented by the aforesaid formula (7') wherein X is other group than -OH and -NR2. 
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Wherein Is a direct bond or an aliphatic liydrocarbon group of 1 or more carbon atoms, is a hydrogen 
atorr>, a direct bond or an aliphatic hydrocarbon group of 1 or more carbon atoms, Y' is -OR> COOR, -CRO, 
■"C{0)NR2, -OC(0)R {R is a hydrogen atom or a hydrocarbon group), an epoxy group, -C^N or 'NH2> m and 
n are each an integer of 0 to 2, m^ n is not 0, and p is 0 or 1 . 

The polar group-containing monomer represented by the fomnuia (B*) is, for example, the polar group- 
containing monomer represented by the aforesaid formula (8) wherein Y is other group than -OH and -NR^- 

Such polar group-containing monomers can be used singly or in combination of two or more kinds. 

The polymerization conditions are the same as used above. 

Next, the process for preparing a polar group-containing olefrn copolymer according to the second em- 
bodiment of the invention is described. 

The process for preparing a polar group-containing olefin copolymer according to the second embodiment 
of the invention comprises copolymerizing at least one o:-oiefin selected from a-olef ins of 2 to 20 carbon atoms, 
a macromonomer represented by the following formula (9), and at least one polar group-containing monomer 
selected from a polar group-containing monomer represented by the above formula (7) and a polar group- 
containing monomer represented by the ^ove formula (8) in the presence of the olefin polymerization catalyst 
comprising: 



30 



(A) a compoLind of a transition metal selected from Group 3 (including lanthanoid and actinoid) to Group 
10 of the periodic table, preferably a transition metal compound represented by any one of the above 
formulas (11) to (16), 
and 

(8) at least one compound selected from: 



35 



(B-1) an organoaiuminum oxy-compound, 

(B-2) a compound which reacts with the compound (A) to fomn an ion pair, and 
(B-3) an organoaiuminum compound; 



CH2=CH 



40 



(WWR^)r-+0— Z)p 



(9) 



wherein RS, R^^ z, p, q and r have the same meanings as those of R^, RS, Z, p, q and r in the 
formula (4), respectively. 

[0411] When a polar group-containing monomer represented by the formula (7) is used as the polar group-containing 
monomer m the invention, the aforesaid second embodiment of the poiar group-cor^tainlng olefin copolymer of the 
50 invention is obtained. 

[Q412] Examples of macromonomers represented by the formula (9) include the following macromonomers. 



55 
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[D413] The macromonomer can be prepared by the use of, for example, the polar monomer (later described), and 

specifically, the macromonomer can be prepared by producing a polymer segment from the polar group of the polar 
group-containing monomer through anionic polymerization, ring-opening polymerization or polycondensation similarly 
to the following process (i). 

[0414] The copolymerization of the a-olefin of 2 to 20 carbon atoms and the macromonomer represented by the 
formula (9) Is carried out using the same olefin polymerization catalyst as used m the copolymerization of an a-oiefin 
of 2 to 20 carbon atoms and the poiar group-containrng monomer represented by the formula (10) in the following 
process (i) under the same conditions as used in the copolymerization of an a-olefin of 2 to 20 carbon atoms and the 
polar group-containing monomer represented by the fomnuia (10) in the following process (i). 

[0415] In the process for preparing a polar group-containing copolymer according to the second embodiment of the 
invention, at least one olefin selected from the above-mentioned a-olefin of 2 to 20 carbon atoms, a macromonomer 
represented by the formula (9) and at least one polar group-containing monomer selected from the group consisting 
of a polar group-containing monomer represented by the formula (7) and a polar group-containing monomer repre- 
sented by the formula (8) are polymerized in the presence of the aforesaid olefin polymerEzation catalyst under the 
same polymerization conditions as in the process for preparing the polar group-containing olefin copolymer according 
to the first embodiment. 

[0416] The process for prepsring a polar group-containing olefin copolymer according to the third embodiment of 
the invention comprises copolymerizing at least one a-olefin selected from a-olefins of 2 to 20 carbon atoms, a poiar 
group-containing monomer represented by the foitowing fomiula (10) (also referred to as a "polar group-containing 
monomer (10)" hereinafter), and optionally, a polar group-containing monomer represented by the above formula (8) 
in the presence of the catalyst comprising: 

(A) a compound of a transition metal selected from Group 3 (including lanthanoid and actinoid) to Group 10 of 

the periodic table, and 

(B) at least one compound selected from: 

(B-1) an organoaluminum oxy-compound, 

(B-2) a compound which reacts with the compound (A) to form an ion pair, and 
(B-3) an organoalumrnum compound, 

and then conducting any one of the following steps (j) and (ii), to prepare a branched type polar group- 
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containing olefin copolymer; 



(R^)m-(W)n ...(10) 

wherein R^, R6^ m, W and n have the seme meanings as those of RS, R6, m, W and n in the formula (6), respectively; 

(I) from the W portion of the copoiymerized polar group-containmg monomer (1 0), a Z portion is formed by anionic 
polymerization, ring-opening polymerization or polycondensation; 

(ii) the W portion of the copoiymerized polar group-containing monomer (10) is allowed to react with a terminal 
functional group of a polymer obtained by anionic polymerization, ring-opening polymerization and polyconden- 
sation. 



[0417] The process (i) is described below in more detaif. 

[0418] in the process (i), an a-olefin of 2 to 20 caiiDon atoms and the polar group-contaming monomer (10), and 
optionally a polar group-containing monomer represented by the fomiula (8) are copoiymerized to prepare a functional 

group-containing olefin copofymen and then from the polar group contained m the W portion of the copoiymerized 
functional group-cantainmg monomer, a polymer segment (Z) is formed by anionic polymerization, ring-opening po- 
lymerization or polycondensation. 

[041 9] When a polymer segment is formed from the polar group contained in any one of W portions in the constituent 
unrt of the functional group-containing olefin copolymer, said constituent unit being derived from the polar group-con- 
taining monomer (10), this constituent unit becomes the constituent unit (4). When no polymer segmen! is formed from 
the polar group contained in any one of W portions in the constituent unit of the polar group-containing ofefin copolymer, 
said constituent unit being derived from the polar group-containing monomer (10), this constituent unit becomes the 
constituent unit (5). 

[0420] Examples of the a-olef Ins of 2 to 20 carbon atoms include ethylene, propylene, 1 -butene, 2-butene, 1 -pentene, 

3- methyi-1-butene, 1-hexene, 4~methyj-1 -pentene, 3-methyl-1 -pentene, 3-ethyM -pentene, 4, 4-dimethyl-1 -pentene, 

4- methyl-1-hexene, 44-dimethyM-hexene, 4-ethyl-1-hexene, 3-ethyl-1 -hexene, 1-octene, 1-decene, 1-dodecene, 
1-tetradecene, 1-hexadecene, 1-octadecene and 1-e[cosene. Of these, preferable are at feast two a-olefins selected 
from eth^ene, propylene, 1-butene, 4-methy 1-1 -pentene, i-hexene and 1-octene. 

[0421 ] Examples of the polar group-containing monomer (1 0) inciude: 

compounds represented by the formula (10) wherein W is a hydroxyl group, specifically 

cD-alkenylalcohols, such as 4''pentene-1-oi, 5-hexene-1 -oL 6-heptene-1 -ol, 7-octene-1-ol, 8-nonene-1-ol, 
9-decene-1-ol, 10~undecene-1-of and 11-dodecene-1-ol; 
alcohols having straight-chain hydrocarbon groups, such as 



5- hexene-2-ol, 6-heptene-2-ol, 7-octen6-2-oj, 

8- nonene-2-oL 9-dGcene-2-ol, 1 0-undecene-2-ol, 

6- heptene-3-ol, 7-octene-3-ol, 8-nonene-3-o], 
45 9-decene-3-ol, 10'UndecGne-3-oi, 

11 -dodecene-3"Ol, 7-octene-4-ol, 8-nonene>4-ol, 

9- decene-4-ol, IO-undecene-4-oL 8-nonene-5-oL 
9-decene-5-ol and 10-undecene-5-ol; 

50 alcohols having branched hydrocarbon groups, 

such as 

2- ethyl-5-hexene-1 -ol, 3-methyl-6-heptene-1 -ol, 

3- methyl-7-octene-1"Ol, 4-methyl-8-nonene-1 -ol, 
^5 3-ethyl"9-decene-1 -o!, 2-methyi-1 0-undecene-2-ol, 

2,2-dimethyl-7-octene-1 -oi, 
3-ethyl-2-methyi*8-nonene-1 -oi, 
2,2,3-trimethyl-9-decene-1-ol and 
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2,3,3,4-tGtramethy!-10-undecene-2-ol; 
diois, such as 

5 9-decene-1 ,2-diol, 10-undecene»1 ,2-dio!, 

11-dodecene-1 ,2-diol and 11-dodac©ne-1 ,2-diol; and 

triols, such as 1 0-undecens-1 ,2,3*tnol; and 

compounds represented by the formula (1 0) wherein W Is an epoxy group, specifically 
10 <o-a Ike nylepox ides, such as 5-hexene epoxide, 6-heptene epoxide, 7~ocXene epoxide, 8-nonene epoxide, 9-decene 

epoxide, 10-undecene epoxide and t1-dodecene epoxide; and 
co-alkenyl epoxides having branched hydrocarbon groups, such as 

2-mGthyl»5-hGxenG epoxide, 2-methyl-6-hept6ne epoxide, 
^5 2-methyl-7-octGne epoxide, 2-methyl-8-nonene epoxide, 

2-methyl-9-decene epoxide snd 
2-methyMO-undecGne epoxide. 

[0422] Further, examples of the polar group-containing monomer (10) also include the followmg compounds. 

20 



25 



30 



35 



40 



45 



50 



55 
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[0423] Also available are n-nonyM-oi, 1 ,2-epoxy-nonyL n-undecyUI-ol, and 4-hexeryloxypheno!. 
[0424] The copolymerization of the a-olefin of 2 to 20 carbon atoms and the polar group-containing monomer (10), 
30 and optionally a polar group-containing monomer represented by the fomnula (8) is carried out in the presence of, for 
example, the above mentioned olefin polymerization catafyst comprising: 

(A) a compound of a transition metal selected from Group 3 (including lanthanold and actinold) to Group 1 0 of the 
periodic table, and 
35 (B) at least one compound selected from: 

(B-1) an organoaluminum oxy-compound, 

(B-2) a compound which reacts with the compound (A) to fonn an ion pair, and 
(B"3) an organoaiuminum compound, 

40 

under the same poiymerization conditions as in the process for preparing the polar group-containing olefin copol- 
ymer according to the first embodiment. 

[0425] Then, from the W portion of the copolymenzed polar group-containing monomer (10) \n the functinat group- 
45 containing olefin copolymer obtained as above, a Z portion is formed by anionic polymerization, ring-opening polym- 
erization or polycondensation. 

[0426] To prepare the Z portion from the w portion of the copolymerized polar group-contaimng monomer (10) by 
anionic polymerization, ring-opening polymerization or polycondensation, for example, a polar monomer is subjected 
to anionic polymerization in the presence of the pofar group-containing olefin copolymer and a proton abstracting agent 
50 or in the presence of the polar group-containing olefin copolymer, a proton abstracting agent and an active hydrogen 
compound. 

[0427] Examples of the polar monomers include the examples at the aforesaid constituent unit (4) such as (meth) 
acrylic esters, (meth)acrylonitriles, acrylamides, vfnylpyridines, N-substituted maleimldes, vinyl ketones and styrene 
derivatives. 

55 [0428] Of these polar monomers, compounds having two or more ethylenically unsaturated bonds in one molecufe 
give highly crossiinked polyn^ers in the polymerization of the compounds themselves, but when the compounds are 
copolymerized with polar group-containing ethylenicaHy unsaturated monomers having only one ethylenically unsatu- 
rated bond, main chains of the polymei^ produced from the poiar group-containmg ethylenically unsaturated monomers 
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liaving only one ethylenicaliy unsaturated bond can be crosslinked to each other. 

[0429] Of the above polar monomers, preferable are monoesters of monohydric aicohols and acrylic acid or meth- 
acrylic acid, monoesters of dihydric alcohols having one end protected by an ether bond and acrylic acid or methacrylic 
acid, polyesters wherein an hydroxyl groups of dihydric or higher afcohols and acrylic acid or methacrylic acid are 
5 esterlfied, acrylonltriie, methacrylonitrlle, N,N-dlsubstituted monoacrylamides, vtnyl or isopropenyl substituted pyrid- 
ines, N-aromatic substituted maleimides and vinyl ketones. 

[0430] More preferable are monoesters of monohydric alcohols and acrylic acid or methacrylic acid, monoesters of 
dihydric alcohols having one end protected by an ether bond and acrylic acid or methacrylic acid, polyesters wherein 
ai! hydroxyl groups of dihydric or higher alcohols and acrylic acid or methacrylic acid are esterified, acrylonitrile, meth- 
10 acryionitrile and N,N-disubstituted monoacrylamides. 

[0431] Examples ofthe polar monomers include examples at the aforesaid constituent unit (4) such as alkylene oxide 
compounds. 

[0432] The polar monomsrs can be used singly or in combination of two or more kinds. \n the use of a combination 
of two or more polar monomGrs, a combination of the above polar monomer other than the alkylene oxide compound 
15 (such a monomer being sometimes referred to as an "ethylenicaliy unsaturated monomer*' hereinafter) and an alkylene 
oxide connpound is preferable. 

[0433] In The copolymerization using plural polar monomers in combination, use of pluraf ethyienicaiiy unsaturated 
monomers, use of a single ethylenicaify unsaturated monomer and plural alkylene oxide compounds, use of plural 
ethylenicaliy unsaturated monomers and a single alkylene oxide compound, or use of plural ethylenicaliy unsaturated 
^ monomers and plural alkylene oxide compounds is available, and for adding these components to the polymerization 
reactor, a method of adding at the same time, a method of adding successively, or a method of repeating successive 
addition is adoptable. 

[0434] If plural polar monomers are used in combination and copolymerized at the same time, a polymer segment 
composed of a copolymer of relativeiy high randomness is obtained, though it depends upon a difference between 
25 reactivities of the compounds used. If two or more monomers are copolymerized successively a polymer segment 
composed of a block copolymer containing two or more blocks is obtained. If such successive addition is repeated, a 
polymer segment composed of a complicated copolymer is obtained. 

[0435] Above ail, it is preferable to use the ethylenicaliy unsaturated monomer and the alkylene oxide compound 
successively to prepare a polymer segment composed of a block copolymer formed from the plural monomers. In this 
30 case, it is more preferable that the alkylene oxide compound is propylene oxide or ethylene oxide, and it Is still more 
preferable that the alkylene oxide is propylene oxide, 

[0436] The active hydrogen compound is, for example, an active hydrogen compound having active hydrogen on 
the carbon atom, an active hydrogen compound having active hydrogen on the oxygen atom, an active hydrogen 
compound having active hydrogen on the nitrogen atom, or an active hydrogen compound having active hydrogen on 
35 the sulfur atom. 

[0437] Examples of the active hydrogen compounds having active hydrogen on the carbon atom include hydrogen 
cyanide; monocarboxylic esters, such as ethyl acetate, cyclohexyl propionate, isopropyl butyrate, methyl isobutyrate, 
tert-butyl isobutyrate, hexyl caproate, butyl faurate, melhyl stearate, ethyl oleate, methyl phenylacetate, methyl cy- 
c!ohexanecarboxylate, 1,2-bis(2-propylcarbony^oxy)ethane and 1 ,2,3-ths(2-propylcarbonyioxy)propane; polycarboxy- 
40 lie esters, such as dimethyl malonate, dimethyl methylma[onate, diethyl succinate, butyl 2,3-dimethylsuccinate, methyl 
adipate, ethyl suberate, methyl butanetetracarboxylate, 1 2-bis{2-mGthoxycarbonylethoxy)ethane, 1 ,2'-bis{2-ethoxy- 
carbonylp^opoxy)ethane, 1 ,2-bis(2-ethoxycarbonylpropyimercapto)ethane and N,N,N\N'-tetrakis{2-bytoxycarbonyl- 
propyl)ethylenediamine; ketocarboxylic esters, such as ethyl acetoacetate, cyciopentyl acetoacetate, methyl car- 
fa am oylacetate, ethyl 2-cyclohexylcarbonyiacetateand butyl ben^oylacetate; nitriles^ such as acetonjthle, 2-cyanopro- 
pane, malononitrile, methyl malononitrile, 1 ,3-dicyanopropane and adiponitrile; and ketones, such as acetone, methyl 
ethyl ketone, diisopropyl ketone, dicyciohexyl ketone, acetophenone and isopropyl phenyl ketone. 
[0438] Examples of the active hydrogen compounds having active hydrogen on the oxygen atom include water; 
monohydnc alcohols, such as methanol, ethanol, n-propanol, isopropanol, n-butyl alcohol, sec-butyl alcohol, tert-butyl 
alcohol, isopentyl alcohoL tert-pentyl aicohot, n-octyl alcohol, lauryl alcohol, cetyl alcohol, cyclopentanol, cyclohexanol, 
allyl alcohol, crotyl alcohol, methylvinyicarbinol, benzyl abohol, l-pherryiethyl alcohol, tnphenylcarbfnol, cinnamyl al- 
cohol, perfluoro-tert-butyl alcohol, a-hydroxyisopropyl phenyl ketone, a-hydroxycyclohexyj phenyl ketone, oc-hydrox- 
yisopropyl naphthyl ketone and methyl a-hydroxyisobutyrate: polyhydric alcohols, such as ethylene glycol, propylene 
glycol, diethylene glycol, dipropylene glycol, 1 ,3-propanediol, 1 ,3-butanedioL 1 ,4-butanedjoL 1 ,6-hexanediol. 1,4-cy- 
clohexanediol, trimethylolpropane, glycerol, diglycerof, pentaerythhtol and dipentaerythritol; and aromatic hydroxy 
compounds, such as phenol, cresoL xylene!, 2-naphthol, 2,6-dihydroxynaphthalene and bisphenol A. 
[0439] Examples of the active hydrogen compounds having active hydrogen on the nitrogen atom include aliphatic 
or aromatic primary amines, such as methyiamine, ethylamine, n-propylamine, isopropylamine, n-butylamine, iso- 
butylaniine, sec-butylamine. tert-butylamlne, cyclohexylamine, benzylamine, p-phenylethylamine, aniline, o-toluidine, 
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m-toluidine and p-tolufdine; alip^iatic or aromatic secondary amines, such as dimethyiamine, methyiethylamine, di- 
ethylamine, di-n-propyfamine, ethy(»n-butylamine, methyl-sec-butyfamine, dipentylamine, dicyclohexylamine, N-meth- 
ylaniline and dlpheylamine; pofyammes having primary^ or secondary amino group, such as ethylenedlamine, di{2-ami- 
noethyOamine, hej<amethy}enediamine, 4,4'-cliaminodiphenylethane, tri(2-aminoethyl)amine, N,N'-dimethyiethylene- 
diamine, N^N'-diethylethylenediamine and di(2-methyla^inoethy!)amlne; saturated cyclic secondary amines, such as 
pyrrolidine, piperidine morphoiine and 1 ,2,3,4-tetrahydroquinollne: unsaturated cyclic secondary amines, such as 
3-pyrroline, pyrrole, indole, carbazole, imidazole, pyrazole and purine; cyclic poiyamines having secondary amino 
group, such as piperazine, pyrazine and 1 ,4,7-triazacyciononane. unsubstituted or N-monosubstituted acid amides, 
such as acetamide, propionamide, N-methylpropionamide, N-methylbenzamlde and N-ethyistearamide; cyclic amides, 
such as p-propiolactam, 2-pyrrolidone, 6-valeloiactam and e-caprolactam; and imides of dicarboxylic acids, such as 
succinimidG, maloimlde and phthaiimlde. 

[0440] Examples of the active hydrogen compounds having active hydrogen on the sulfur atom include monothiols, 
such as methanethioL ethanethiol, n-butanethlol, tert-butanethioL hexanethiol, decanethiol, cydopentylmercaptan and 
cyclohexylmercaptan; polythiols, such as 1 ,2-ethanedithiol, 1 ,3-propanedithiol, 2,3-butanedithiol, 1 ,6-hexanedithlol, 
i,2,3~propanetnthiol and 2,3-di(mercaptomethyl)-1,4-butanedlthio]; and aromatic mercapto compounds, such as thi- 
ophenol. o-thiocresoL thionaphthol and 1 ,2-benzen6dithiol 

[0441] Also employable as the active hydrogen compounds are, for example, poly{alky[6ne oxides) having active 
hydrogen at the end, such as polyethylene oxide and polypropylene oxide; polymers obtained by anionic polymerization 
or other poiymerization of (meth)acryllc esters, {meth)acrylonitriles. acryiamides, vlnylpyridines, N-substituted male- 
Imdes, vinyl ketones and styrene derivatives; polymers obtained by ring-opening polymerization of lactones, lactams, 
iactides and cyclic siloxanes; polymers having active hydrogen at the end and/or in the mam chain, such as poly({meth) 
acrylic esters), poly((meth}acrylonitrlles), poly(acrylamides), poiy(vinylpyridjnes), poly(N-substituted maleimdes), poly 
(vinyl ketones) and poly(styrene derivatives), polyesterS: polyannldes, polylactides and polyslioxanes; and copolymers 
thereof. 

[0442] Of the above active hydrogen compounds, preferable are hydrogen cyanide, monocarboxyiic esters^ polycar- 
boxylic esters, water, monohydric alcohols, polyhydric alcohois, monothiois, polymers having active hydrogen at the 
end and/or in the main chain, such as poly(alkylene oxfdes), poly((meth) acrylic esters), poty{(meth)acrylonilriies), poly 
(acrylamides), pDly(vinylpyrtd^nes), poly (N-substituted maleimdes), poly(vinyl ketones) and poly(styrene derivatives), 
and copolymers thereof, 

[0443] The proton abstracting agents may be used singly or as a mixture of two or more kinds. 

[0444] In the present invention, at least a polar monomer is subjected to anionic polymerization in the presence of 
a proton abstracting agent and an active hydrogen compound or In the presence of a proton abstracting agent. In this 
process, rmg-opening polymerization can be carried out. 

[0445] As the process In which the proton abstracting agent is used or the process in which a proton is abstracted 
from the active hydrogen compound to give an anion, the following processes are empioyabie: 

(1) a process using an alkali metal hydroxide or an alkali metal carbonate, 

(2) a process using an alkali metal, an alkali metal hydride, an alkali metal amide or an alkali metal alkyi, 

(3) a process using a zinc compound. 

^ (4) a process using ammonium hydroxide, and 

(5) a process using a phosphazenlum salt. 

[0446] The phosphazenlum compound can be prepared by the process described m EP079160a, pp. 12-13, or H:s 
analogous process. 

45 [0447] The process for preparing a 2 portion from the W portion of the polar group-^^ontaining monomer (10) by 

anionic polymerization is not specifically limited, as far as at least the proton abstracting agent and the polar monomer 
can be effectively contacted, and any of a batchwise process and a process comprising feeding the polar monomer 
intemiittently or continuously is employable. 

[0448] The polymerization reaction can be carried out when Ihe polar monomer is in a molten state or can be carried 
50 out in a liquid phase using an appropriate solvent. The liquid phase may be a homogeneous phase or a suspension 
phase. Examples of the solvents empioyabie herein include aliphatic or alicycllc hydrocarbons, such as n-hexane, n- 
heptane and cyclohexane; aromatic hydrocarbons, such as benzene, toluene and xylene; aromatic halides, such as 
chlorobenzene and dichlorobenzene; ethers, such as diethyl ether, diphenyl ether, tetrahydrofuran, tetrahyd ropy ran, 
1,4-dioxane, ethylene glycol dimethyl ether and diethylene glycol diethyl ether; and aprotic polar solvents, such as 
55 dimethylformamide, dimethylsulfoxide, sulfolane and N,N'-dimethylimidazolidlnone. 

[0449] Although there is no specific limitation on the amount of the proton abstracting agent used, the amount thereof 
is in the range of usually 1x10"^ to 1x10-"' moi, preferably 1 xlO-"*- to 3x10'"5 mol. The polymerization reaction tem- 
perature is in the range of usually -50 to 250=*C, preferably -20 to 150°C, though It varies depending upon the types 
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and amounts of the proton abstracting agent and the polar nnonomer used. etc. The polynnerization reaction pressure 
is in the range of usuaiiy not more than 3.0 MPa (absolute pressure expressed in megapascal, the same sha!l apply 
hereinafter), preferably 0.01 to 1 .5 WlPa, more preferably 0. 1 to 1 .0 MPa, though it varies depending upon the type and 
amount of the polar monomer used, the reaction tenrtperature, etc. 
5 [0450] The polymerization reaction time is usually not more than 50 hours, preferably 0.1 to 24 hours, though it varies 
depending upon the types and amounts of the proton abstracting agent and the poiar monomer the reaction temper- 
ature, etc. 

[0451] Next, the process (ti) is described in more detail. 

[0452] In the process (n), an a-olefin of 2 to 20 carbon atoms and a polar group-containing monomer (10), and 
io opt^onafly the po^ar group-containing monomer represented by the formula (8) are copolymerized to prepare a polar 
group-containing olefin copolymer, and then the W portion of the copolymerized polar group containing monomer (1 0) 
is allowed to react with a terminal functionai group of the polymer obtained by anionic polymerization, ring-opening 
polymerization or polycondensation, 

[0453] The terminal functional group-containing olefin copolymer can be prepared in the same manner as In the 
^5 process (i). 

[0454] Examples of the polymers {sometimes referred to as "terminal functional group-containing polymer" herein- 
after) obtained by anionic polymerization, ring-opening polymerization or poiycondensation include segments obtained 
by anionic polymerization of one or more monomers selected from methyl methacrylate, ethyl methacrylate, butyl 
acrylate, acrylonitrile and acrylamide, segments obtained by ring-opening polymerizatfon of lactone, lactide, siloxane, 

20 lactam, cyclic ether, oxazofine, ethylene oxide, propylene oxide, etc, and polymers obtained by poiycondensation of 
monomers, such as polycarboxylic acid and polyhydric alcohol, or polycarboxyllc acid and polyamide or hydroxycar- 
boxylic acid. Of these, preferable are segments obtained by anionic polymerization of acrylic esters or methacrylic 
esters and polymers obtained by hng-opening polymerization of ethylene oxide or propylene oxide. 
[0455] Such a terminal functional group-containing polymer can be prepared by, for example, subjecting the same 

•25 polar monomer as used in the process (i> to anionic polymerization, ring-opening polymerization or poiycondensation 
in the presence of the proton abstracting agent or In the presence of the proton abstracting agent and the active 
hydrogen compound. 

[0458] Then, the polar group-containing olefin copolymer obtained as above is copolymenzed with the terminal func- 
tional group -containing polymer. 

30 

Thermoplastic resin composition 

[0457] The thermoplastic resin composition of the Invention may be formed from two or more copoiymers selected 
from the polar group-containing olefin copolymers or may be formed from the polar group-containing o[efln copolymer 
35 and a thermoplastic resin other than the polar group-containing olefin copolymer. 

Thenrioplastic resin 

[0458] The thermoplastic resin preferably used in the invention ^s one kind of a thermoplastic resin selected from 
^ polyolefin, polyamide, polyester, polyacetal, polystyrene, acrylonltrile/butadiene/styrene copolymer (ABS), po^ymeth- 
acrylate, polycarbonate, polyphenylene oxide, polyvinyl chloride, polyvinylidene chloride, polyvinyl acetate, ethylene/ 
{meth)acrylic ester copolymer and diene rubber 

[D459J Examples of the polyolefins inciude olefin homopolymerSj such as polyethylene, polypropylene, poly- 
1-butene, polymethylpentene and polymethylbutene; and olefin copolymers, such as an ethylene/a- olefin random co- 

45 polymer, an ethyiene/propylene/diene terpolymer, a propylene/ethylene random copolymer, a propylene/a-olefin ran- 
dom copolymer and a propylene/ethy!ene/a-o!efin terpolymer Of these, preferable are polyethylene, polypropylene, 
an ethylene/a-olefin random copol^er, an ethylene/propylene/diene terpolymer, a propylene/ethylene random copol- 
ymer and a propy!ene/a-olefln random copolymer If the polyolefin Is a polyofefin obtained from an olefin of 3 or more 
carbon atoms, this polyolefin may be an isotactic polymer or may be a syndlotactic polymer 

^0 [0460] As the catalyst for the preparation of the polyolefin, any of Ziegler-Natta catalyst, a metallocene catalyst and 
a known catalyst may be used. 

[0461 ] Examples of the polyamides include aliphatic polyamides, such as nyion-6, nylon-66, nylon-1 0, nylon-12 and 
nylon-46; and aromatic polyamides prepared from aromatic dicarboxylic acids and aliphatic diamines. Of these, nylon- 
6 is preferable. 

55 [0462] Examples of the polyesters inciude aromatic polyesters, such as polyethylene terephthalate, polyethylene 
naphthalate and polybutylene terephthalate; polycapro lactone; and polyhydroxybutyrate. Of these, polyethylene 
terephthaiate is preferable. 

[0463] Examples of the polyacetals include polyformaldehyde (poiyoxy methylene), po^yacetaldehyde, polypropion- 
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aldehyde and polybutylaldehyde. Of these, polyformaldehyde is preferable. 

[0464] The polystyrene may be a homopolymer of styrene or may be a copolymer of styrene and acryionitrile, methyl 
rnethacrylate, a- methyl styrene or the like, such as an acrybnitriEe/styrene copolymer. 

[0465] As the ABS, preferably used Is ABS comprising constituent units derived from acrylonltrlle In amounts of 20 
5 to 35 mol %, constituent units derived from butadiene In amounts of 20 to 30 mo! % and constituent units derived from 

styrene in amounts of 40 to 60 mol %. 

[0466] As the polymethacrylaLe, polymethyl methacrylate (PMMA) is preferable, 

[0467] Examples of the polycarbonates includethose obtained from bis(4-hydroxyphenyl)methane, 1 , 1 -bis(4-hydrox- 
yphenyl)ethane, 2,2-bis(4-hydroxyphenyl)propane and 2,2rbis(4-tiydroxyphenyl)butane, Of these, polycarbonate ob- 
10 tained from 2,2-bis(4'hydroxyphenyl)propane is preferable. 

[0468] As the polyphonyicne oxide, poly(2,6 dimothyl-l ,4-phonylene oxide) is preferable. 

[0469] The polyvinyl chloride may be a homopolymer of vinyl chloride or may be a copolymer of vinyl chloride and 
vinylidene chloride, acrylic ester, acrylonitrlle, propylene or the like. 

[0470] As the poiyvinylidene chloride, a copolymer comprising vinylidene chloride and vinyl chloride, acrylonitrils, 
^5 (meth)acrylic ester, aliyi ester, unsaturated ether, styrene or the like and generally contaming vinylidene chloride units 

in amounts of not Jess than 85 % is used. 

[0471] The polyvinyl acetate may be a homopoiymer of vinyl acerate or may be a copolymer of vinyl acetate and 
ethylene or vinyl chloride, Of these, an ethylene/vinyl acetate copolymer is preferable. 

[0472] As the ethyleney(meth)acryllc ester copolymer, preferable Is an ethylene/m ethyl aery I ate copolymer an eth- 
30 yiene/ethy! acrylate copolymer, an ethylene/m ethyl methacrylate copolynner or an ethylene/ethyl methacrylate copol- 
ymer 

[0473] Examples of the diene rubbers include conjugated polydienes sych as poiybutadiene, polyisoprene, an elas- 
tomer type styrene/butadiene copolymer that is known as 3BR (styrene/butadiene rubber). In the diene rubbers, at 
least a part of double bonds in the molecule may be hydrogenated. 
5^ [0474] The thermoplastic resins mentioned above can be used singly or in combination of two or more kinds. 
[0475] Of the thermoplastic resins, polyolefin, polyester, poiyamide or polystyrene is preferably used. 
[0476] The thermoplastic resin composition of the invention can be prepared by blending the polar group-containing 
olefin copolymer with the thermoplastic resin using, for example, a ribbon blender, a tumbling blender or a Henschel 
blender. 

30 [0477] The thermoplastic resin composition of the invention can be prepared also by melt kneading the polar group- 
containmg olefin copolymer and the thermoplastic resin by the use of a melt kneading device, for example, a kneader 
such as a co-kneaden a Banbury mixer, a Brabender, a single-screw extruder or a twin-screw extruder a horizontal 
stirrer such as a twin-screw surface replacement machine or a twin-screw multi-disc device, or a vertical stirrer such 
as a double helical ribbon stirrer- 
's 

Additives 



[0478] To the polar group-containing olefin copolymer and the thermoplastic resin composition according to the in- 
vention, addrtives, such as inorganic filler, organic filler, nucleating agent, heat stabilizer, weathering stabilizer, antistatic 
agent, colorant, lubricant, flame retardant and blooming inhibitor, may be added within limits not detrimental to the 
objects of the invention. 

Inorganic Filler 



[0479] Examples of the inorganic fillers Include silica, diatomaceous earth, alumina, titanium oxide, magnesium ox- 
ide, pumice powder, pumice balloon, aluminum hydroxide, magnesium hydroxide, basic magnesium carbonate, dolo- 
mrte, calcium sulfate, calcium titanate, barium sulfate, calcium sulfite, talc, clay, mica, asbestos, glass fiber glass flake, 
glass bead, calcium silicate, montmorillonite, bentonite, graphite, aluminum powder and molybdenum sulfide. 
[0480] Among these, layered compounds are preferred, and clay minerals having swelling and cleavage properties 
In dispersion media are particularly preferred for use, The clay minerals are generally classified into a type of two-layer 
structure consisting of a tetrahedral layer of silica and an octahedral layer containing aluminum or magnesium as a 
central metal provided on the tetrahedral layer, and a type of three-layer structure consisting of tetrahedral layers of 
silica and an octahedral layer containing aluminum or magnesium as a central mstal sandwiched between the tetra- 
hedral layers. The two-layer structure type (former type) is, for example, a kaolinite group or an antigorite group, and 
the three-layer stmcture type (latter type) is, for example, a smectite group, a vemiiculite group or a mica group that 
are grouped according to the number of interlaminar cations. 

[0481] Specific examples of the clay minerals include kaolinite, dickite, nacrite, halloystte, antigorite, chrysotile, py- 
rophyl^lte, montmorillonite, befdellite, nontronite, saponlte, sauconite, stevensite, hectorite, tetrasllicic mica, sodium 
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taeniorite, muscovite, margarite, talc, vermiculite, pKlogopite, xanthophyllite and chbrlte. 

[04821 ^^^Y minerals having been treated with organic nnaterials (sometimes referred to as ''organically- modified clay 
minerals") are also employable as the Inorganic layered compounds. (On the clay minerals having been treated with 
organic matenals, see "Dictionary of Clay" by Asakura Shoten.) 
5 [0483] Of the above clay minerals, preferable are a smectite group, a vermicuiite group and a mica group, and more 
preferable is a smecMte group, from the viewpoints of swelling properties or cleavage properties. Examples of Ihe 
smectite group clay minerals include montmorillonlte, beidellite, nontronite, saponite, sauconlte, stevensite and hec- 
torfts. 

[0484] Examples of the dispersion media to swell or cteave the inorganic layered compounds in the case of natural 
10 sweffmg clay minerals are water; alcohols, such as methsooL ethanol, propanol, isopropanol ethylene giyco! and 
diethylene glycol; 

Dimethylformamide; dimethyl sulfoxide and acetone. Of these, water and an alcohol such as meihariol are preferable. 
[0485] In the case of the organically-modified clay minerals, there can be mentioned aromatic hydrocarbons, such 

as benzene, toluene and xylene; ethers, such as ettiyl ether and tetrahydrofuran; ketones, such as acetone, methyl 
t5 ethyl ketone and methyl isobutyl ketone: aliphatic hydrocarbons, such as n-pentane, n-hexane and n-octane; halogen- 
ated hydrocarbons, such as chlorobenzene, carbon tetrachloride, chlorofonri, dichloromethane, 1 ,2-dichioroethane and 
perchloroethylene; ethyl acetate; methyl methacryiate (MMA); dioctyl phthalate (DOP); dimethylfomnamide; dimethyl 
sulfoxide; methyl cellosolve and silicone oil. 

^0 Nucleating agent 

[0486] As the nucteating agents, various nucleating agents hitherto known are used without specific limitation. Ex- 
amples of the nucleating agents include the following aromatic phosphoric ester saH:, benzylidenesorbitoL aromatic 

carboxylic acid and rosin nucleating agent. 
25 [0487| Examples of aromatic phosphoric ester salt are compounds represented by the following formula (A). 
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(A) 



[0488] In the above fomnuia, R"i"i is an oxygen atom, a sulfur atom or a hydrocarbon group of 1 to 1 0 carbon atoms; 
R"'^ and R"'^ are each hydrogen or a hydrocarbon group of 1 to 10 carbon atoms and may be the same or different, 
and R^^s piSg or and R'lS may be bonded to each other to form a ring; M is a metal atom having a valency of 1 

to 3; and n is an integer of 1 to 3. 

[0489] Concrete examples of the compounds represented by the above formula (A) include 



50 



55 



sodium-2,2'-methylene*'bfs(4,6-di-t-butylphenyl)phosphate, 

sQdmm-2,2'-ethylldene-bis(4,6-di't"butylphenyS)phosphate, 

lithium-2,2'-methylene-bis(4,6-di-t-bytylphenyi)phosphate, 

|[thium'2,2'-ethylidene-bis(4,6-di-t-butylpheny[)phosphate, 

sodium-2,2'-ethylidene-bis(4-i-propyl-6-t-butylphenyl) phosphate, 

lithium-2,2*''methyiene-bis(4-methyl-6-t-butyiphenyj)phosphate, 

llthium-2,2'"methyiene-bis(4-'ethyl-6-t-butylphenyl)phosphate, 

calcium"bis[2,2'-thiobis{4-methyl-6-t-butylpheny!)phosptiate], 

calcium-bis[2,2'-thiobis(4-ethyl-'64~byty!phenyl)phosphate], 

calcium-bls[2,2'-thiobis(4,6-di-t-butylphenyl)phosphate], 

magnecium-bis[2,2'-thioblsC4,6-di-t-butyfphenyl)phosphate], 

magnecium-bis[2,2'-thiobis(4-t-octyipheny!)phosphate]. 
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so(iium-2,2'-butylidene-bis(4,6-di-nnethylphenyi)phosphate, 
sodium-2,2'"<butyliclene-bfs{4,6'di-t-buthylphenyl)phosphate, 
sod!um-2,2'-t-ocl:yjmethyfene-bis(4,6-di-methylphenyi) phosphate, 
sod}um-2,2'-t-octyimethylene-b!s(4,6-di-t-butylphenyl) phosphate, 
calcium-bis(2,2'-methylene-bis(4,6^di4-butylphenyl)phosphate], 
magnecrum-bist2,2'-meihyiene-bis(4,6-dhl-butyiphenyl) phosphate], 
barium-bis[2,2'-methylerie"bis(4,6-d(-t-bul:ylphenyi)phosphate], 
sod{um-2,2'-methylene'bis(4-methyi-6-t-butylphenyl)phosphate, 
sodium-2,2'-methylene-bis(4"-ethyl-6-t-bytylphenyi)phosphate, 
sodium-{4,4'-dimethyt-5,6*-dkt-butyl-2,2'*biphenyl)phosphate, 
calcium-bjs-[(4,4'-^dimGthy]-6,6'-dr-t-butyl-2.2'-biphenyl} phosphate], 
sodiynn-2,2*-ethylidene"bis(4"m buty[-6 t butylphenyl)phosphate, 
sodiym-2,2*-methylene-bis(4,6-di-methy}phenyl)phosphate, 

sodium-2,2'-methylene-b^s(4,6-di-ethylphenyi)phosphate, potassrum-2,2'-ethylidene-bis(4,6-di-t-butylphenyl) 
phosphate, 

cabium-bis[2,2'-ethy{iden0-bis(4,6-di-t-butylpheny!) phosphate], 
magneciLim-bis[2,2'-ethyndene-bis(4,6-di-t-butylpheny!) phosphate], 
barium-bls[2,2'-ethylidene^bEs{4,6-di4-butylphejiyOphosphate]. 

aluminium-tris[2,2'~methy!ene-bis(4,6-di-t-bytylptieRy[) phosphate] and alumlnlum-tris[2,2'~ethylidene-bls 4,6-di-t- 
butylpheny!)phosphate], and mixtures of two or more thereof. Particularly preferable is sodium-2,2"-methylene-bis 
(4,S-dl-t-butylphenyi)phosphate. 

[0490] Examples of aromatic phosphoric ester salt are compounds represented by the following formula (B). 




J n 



[0491] In the above formula, R^"^ denotes hydrogen or a hydrocarbon group of 1 to 10 carbon atoms; M is a metal 
atom having a valency of 1 to 3; and n is an integer of 1 to 3. 

[0492] Concrete examples of the compounds represented by the above tormula (B) include 

sodlum-bls(4-t-byiy[phenyl)phosphate, 

sodium-bis(4-methy!pheny!)phosphale, 

sodium-bis(4-ethyiphenyl}phosphate, 

sodium-bis(4-i-propy!phenyl)phosphate, 

sodium~bis(44-octylphenyl)phosphate, 

potassium-bis(4-t-butylphenyl)phosphatQ, 

calcmm-bis(4-t-butylphenyl)phosphate, 

magneclum-bis(4-t-butylphenyl)phosphate, 

I it hju m -b is(4'-t-b uty Iph eny i) p h OS phat e , 

aluminum-bis{4-t-butylptieny^)phosphate, and 

mixtures of two or more thereof . Particuiarly preferable is sodium-bls(4-t-butylphenyl)phosphate. 
10493] Exemplary benzylidenesorbitoi is a compound represented by the following fonnula (C). 
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[0494] In the formula, each R""^ may be the same or different and denotes a hydrogen atom or a hydrocarbon group 

of 1 to 1 0 carbon atoms, and m and n are each an Integer of 0 to 5. 

[0495] Examples of the compounds represented by the formula (C) include 

1 ,3,2,4-dlben2yildenesorbitol, 1 ,3-benzy^^dene-2,4-p-methytbenzylidenesorbltol, 1 ,3-benzyllderte-2,4-p-ethylben2yli- 
5 denesorbltol, 1 ,3-p-methylbenzyitdene-2,4-benzylidenesorbitol, 1 ,3-p-ethyfben2rylldene-2,4-benzylidenesorbltol, 
1 ,3-p-methy}benzylidene-2,4-p-ethylbenzylldenesorbltof, 1 ,3-p-elhylbenzyHdene-2,4~p-methylbenzyiidenesorbltol, 
1 ,3,2,4-di(p-meLhy1bGnzylidene)sorbitol, 1 ,3,2,4-di(p-ethylbenzylidene)sorbitoL 1 ,3,2^4-di{p-n-propylbenzy{idene) 
so^iiitoi, 1,3.2,4-'dl{p-i-propylbenzylidene)sorl3itol, 1 ,3,2,4-di(p-n-bL±tylbenzylldene)sorbitol. 1 ,3,2,4-dl(p-s-butylbenzyli- 
dene)sorbitol, 1 ,3,2,4-di(p-t-butylbenzyildene)sorbitol, 1 ,3.2,4-di(2\4'-dlmethyibenzylider^e)sorbitol, 1 ,3,2,4-di(p-meth- 
10 oxybenzyj[dene)sorbitol, 1 ,3,2,4"df(p-ethoxybenzylidene)sorbitot, 1 ,3-benzylidene-2-4-p-chlorobenzylldenesortaltol, 
1 ,3"p-chlorobenzyndene"-2-4-benzylidenesorbitol, 1 ,3"p-chlorobenzylidene-2 4 p-mcthylbenzylidenesorbitol, 1 ,3~p- 
chlorobenzyiidene~2~4-p-ethylbenzylidenesorbitoi; 1 ,3-p-mGthyibenzylidenG-2-4-p-chlorobGnzy[idenGsorbito^ 1 ,3-p- 
ethylb©n2yfidsne-2-4-p-chlorobQnzyliden6sorbltol 1 ,3,2.4-di(p*chlorobsnzylid©ne)sorbltQl, and mixtures of two or 
more of these compounds. Of these, preferable are 1 ,3.2,4-dibenzylidenesorbitoK 1 ,3,2,4-di(p-methylbenzylidene) 
15 sorbitol, 1 ,3,2;4-di(p-ethylbenzyHdenG)sorbitoL 1 ,3-p"Chlorobenzyl{dene-2-4-p-methybenzylidenesorbitol, 1 ,3,2,4-di 
{p~chlorobGnzyliciene)sorbitol, and mixtures of two or more of these compounds. 

[0496] Of the above benzylidenesorbitols, preferable is a compound represented by the following formula (D). 



20 



25 




30 [0497] In the formula, each R">^ may be the same or different and denotes a methyl group or an ethyl group. 

[0498] The aromatic carboxyllc acid is, for example, a!uminumhydroxydipara-t-butyl benzoate represented by the 
following formula (E). 



COO-AI(OH) 

.-.(E) 

[0499] The rosin type nucleating agent is, for example, a metallic salt of a rosin acid, and the metallic sait of a rosin 
acid Is a reaction product of a rosin acid and a metallic compound. Examples of the rosin acids mclude natural rosins, 
such as gum rosin, tall oil rosin and wood rosin; various modified rosins, such as dispro portion ated rosin, hydrogenated 

rosin, dehydrogenated rosin, polymerized rosin and a,p-ethyienically unsaturated carboxylic acid-modified rosin; pu- 
45 rified products of the natural rosins: and purified products of the modified rosins. Examples of unsaturated caitioxylic 
acids used to prepare the a,p-ethyleniGally unsaturated carboxylic acfd-modified rosins include maieic acid, maleic 
anhydride, fumaricacid, itaconic acid, itaconic anhydride, citraconicacid, acrylic acid ad methacrylic acid. Of the above 
rosins, preferable is at least one rosin acid selected from the group consisting of a natural rosin, a modified rosin, a 
purified product of a natural rosin and a purified product of a modified rosin . The rosin acid comprises plural resin acids 
50 selected from pimaric acid, sandarachpimaric acid, parasthc acid, isopimaric acid, abietic acid, dehydroabietic acid, 
neoabietic acid, dihydropimaric acid, di hydro abietic acid and tetrahydroabietic add. 

[0500] The metallic compound which reacts with the rosin acid to fomn a metaillc salt is, for exampie, a compound 
which comprises a metallic element, such as sodium, potassium and magnesium, and forms a salt together with the 
rosin acid. Examples of the metallic salts include chlorides, nitrates, acetates, sulfates, carbonates, oxides and hy- 
55 droxides of the above metals. 

[0501] Other examples of the nucleating agents Include high-melting point polymers, metallic satts of aromatic car- 
boxylic adds or aliphatic carboxylic acids, and inorganic compounds. 

[0502] Examples of the high-melting point polymers include polyvinylcycloalkanes, such as polyvinylcyclohexane 
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and Polyvinyicydopentane; poly-3-methyl-1-pentene, poiy-3-methyi'-1--butene. and polyaikenylslfanes. 

[0503] Examples of the metallic salts of aromatic carboxyilc acids or aliphatic carboxytic acids irtciude aluminum 

benzoate, aluminum p-t-butybenzoate, sodium adipate, sodium thlophenecarboxylate and sodium pyrrolecarboxylate. 

5 Molding method 

[0504] The polar group-containing olefin copolymer and the thermoplastic resin composition of the invention can be 
produced by various molding methods such as calendering extrusion molding, injection molding, blow molding, press 
molding and stamping. 

10 [0505] The polar group-containing olefin copolymer and the thermoplastic resin composition can be molded into 
sheets or fHms (u nstretched) by extrusion molding. 

[0506] Stretched films can be obtained by stretching the extruded sheets or extruded fHms (unstretched) through 
tentering 

{lengthwise-crosswise stretching, crosswise-lengthwise stretching), simultaneous biaxial orientation or monoaxial 
IS stretching. From the polar group-contair^lng olefin copolymer or the thermoplastic resin composition of the invention, 
mflation films can also be produced. 

[0507] Filaments can be produced by, for example, extruding a molten composition through spinneret. The filaments 
may be produced by a melt blown method. 

[0508] Injection molded products can be produced by injection molding the composition Into various shapes by the 
20 use of hitherto known Injection molding machines under the known conditions. The Injection molded products obtained 
from the polar group-containing olefin copolymer or the thennoplastic resm composition of the invention are hardly 
electrostatically charged and have excellent rigidity, heat resistance, Impact resistance, surface gloss, chemical resist- 
ance and abrasion resistance, so that they can be broadly used as automobile interior trim, automobile exterior trim, 
housings of electric appliances, containers and the likes. 
25 [0509] Blow molded products can be produced by the use of hitherto known blow molding machines underthe known 
conditions. 

[0510] in the injection blow molding method, the polar group-containing olefin copolymer or the thermoplastic resin 
composition of the invention is injected into a parison mold at a resin temperature of 1 00 to 300^C to form a parison, 
then the parison is held in a mold of desired shape, and air is blown into the parison to fit the parison into the mold, 
^ whereby a blow molded product can be produced. 

[0511] The press molded product Is, for example, a mold stamping product. 



Uses 



[0512] The polar group-containing olefin copolymer and the thermoplastic resin composition according to the Enven- 
tion can be applied to various uses, for example, the following uses. 

(1) Film and sheet 

A film and a sheet comprising the polar group-containmg olefin copolymer or the thermoplastic resm compo- 
sition according to the invention is excellent in flexibility, transparency, adhesion properties, anti-fogging properties, 
heat resistance and separating properties. 

(2) Laminate 

A laminate containing at least one layer comprising the polar group-containing olefin copolymer or the ther- 
moplastic resin composition according to the invention is, for example, agricultural film, wrapping lilm, shrink fijm, 
protective film, separating film such as blood plasma separating film or water permseiective vaporization fflm, or 
selective separating film such as Ion exchange membrane, battery separator or optical resolution fi[m. 

(3) The polar group-containing olefin copolymer or the thermoplastic resin composition according to the invention 
can be used for microcapsule, PTP packaging, chemical bulb and drug delivery system. 

(4) Modifier 

When the polar group-containrng olefin copolymer or the themnoplastic resin composition according to the 
invention is used as a resin modifier, modifying effects m impact resistance, flowabillty, coating properties, crys- 
tallizability, adhesion properties, transparency, etc. can be obtained. 

When the polar group^containrng olefin copolymer or the thermoplastic resin composition according to the 
Invention is used as a rubber modifier, modifying effects In weathering resistance, heat resistance, adhesion prop- 
erties, ol\ resistance, etc, can be obtained. 

Examples of the rubbers include crosslinked rubbers, such as natural rubber (NR) isoprene rubber (IR), buta- 
diene rubber (BR), styrene/butadiene rubber (SBR), chloroprene rubber (CR), acrylonitrile/butadiene rubber 
(NBR), butyl njbber (MR), ethylene/propylene rubber {EPU, EPDM), chlorosulfonated polyethylene (CSM), acrylic 
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rubber (ACM, ANM, etc.), epichtorohydrin rubber (CO^ ECO, etc.). sliicone rubber (Q) andfluororubber(FKM, etc.); 
and thermoplastic rubbers, such as rubbers of styrene type, olefin type, urethane type, ester type, amide type and 
vinyl chloride type. 

The polar group-containing olefin copolymer and the thermoplastic resin composition of the invention can be 
5 used as a modifier for lubricating oils, such as gasoline engine oil, diesel engine off, marine engine oil, gear oil, 

metai working oil, motor o\\, machine oil , spindle oil and insulating oil They may also be used as a viscosity modifier 
or a freei^ing point depressant of these lubricating oils. 

When the poiar group-containing o^efin copolymer or the thermoplastic resin composition of the invention is 
used as a modifier for waxes, improvement may be achieved in adhesiveness, flowability and hardness. Examples 
of the waxes include mineral waxes, such as montan wax, peat wax, ozokerite/ceres in wax and petroleum wax; 
synthetic waxes, such as polyethyiene, Fischer Tropsch wax, chemicatly modified hydrocarbon wax and substi- 
tuted amide wax; vegetable waxes; and animaf waxes. 

When the polar group-containing olefin copolymer or the thermoplastic resin composition of the invention is 
used as a modifier for cement, improvenr^snt may be achieved in moldability and hardness. 

Examples of the cement include air setting cement, such as lime, gypsum and magnesia cement; water setting 
cement, such as Roman cement, natural cement, Portland cement, alumina cement and high sulfuric salt siag 
cement; and special cements, such as acid proof cement, refractory cement, water glass cement and dental ce- 
ment. 

(5) Viscosity modifier, Moldability improver 

20 The polar group-containmg olefin copolymer and the thermoplastic resin composition of the invention can be 

used as a viscosity modifier or a moldability Improver for inks and paints, such as letterpress printing ink, litho- 
graphic printing ink, flexo graphic ink, gravure ink, oil paint, cellulose derivative paint, synthetic resin paint, water 
baking paint, powdery water paint and Japanese lacquer. 
(8) Building material, Civil er^gineering material 

25 The polar group-containing olefin copolymer and the thermoplastic resin composition of the invention can be 

used for building/civil engineering resins and building/civil engineering molded products, such as flooring, floor 
tile, floor sheet, sound insulating sheet, heat insulating panel, damping material, decorative sheet, baseboard, 
asphalt modifier, gasket, sealing materiai, roofing sheet and cut-off sheet. 

(7) Automobile rnterior or exterior trim, Gasoline tank 

30 Automobile interior or exterior trims and gasoline tanks comprising the polar group-containing copolymer or 

the themioplastic resin composition of the present Invention are excellent In rigidity, shock resistance, oil resistance 
and heat resistance. 

(8) Electric or electron ic parts 

The po^ar group-containing olefin copolymer and the thermoplastic resin composition of the invention can be 
35 used for electric or electronic parts. Examples of the electric or eiectronic parts include electrical insulating mate- 

rials, electronic pari treating instruments, magnetic recording mediae binders of magnetic recording media, sealing 
materials of electric circuits, materials of electric home appliances, base materials of containers such as electronic 
oven containers, films for electronic ovens, polymer electrolyte basematenals and conductive alloy base materials. 
Also exemplified are electric or electronic parts, such as connector, socket, resistor, relay case switch coil 
40 bobbin, condenser, variable condenser case, optical pickup, optical connector vibrator, various terminal assem- 

blies, transformer, plug, printed wiring board, tuner speaker, microphone, headphone, small motor, magnetic head 
base, power module, housing, semiconductor, liquid crystal display parts, FDD carriage, FDD chassis, HDD parts, 
motor blush holder, parabola antenna and computer associated parts; VTR parts, TV parts, iron, hair dryer, rice 
cooker parts, electronic oven parts, acoustic instrument parts, audio machine parts such as audio laserdisc and 
45 compact disc, domestic or office electric appliance parts, such as light fitment parts, refrigerator parts, air condi- 

tioner parts, typewriter parts and word processor parts; office computer associated parts, telephone associated 
parts, facsimile associated parts, copy machine associated parts, electromagnetic shielding material, speaker cone 
material, and vibrating element for speaker 

(9) Aqueous emulsion 

^0 An aqueous emulsion comprising the polar group-containing olefin copolymer or the thermoplastic resin com- 

position of the mvention can be used as an adhesive for polyolefins of excellent heat sealing properties. 

(10) Coating base 

A solvent dispersion containing the polar group-containing olefin copolymer or the thermoplastic resin com- 
position according to the invention has excellent dispersing stability In a solvent and exhibrts excellent adhesion 
55 properties when metals or polar resins are bonded to polyolefins. 

(11) Medical or hygienic materia! 

The polar group-containing olefin copolymer and the thermoplastic resin composition of the invention can be 
used for medical goods, such as nonwoven fabric, nonwoven fabric laminate, electret, medical tube, medical con- 
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tainer, transfusion bag, prefill syringe and syrmge, medrcal matenals, artfficlal organs, artificial muscles, filter films, 
food sanitation/health goods, retort bags, and freshness keeping films. 

(12) Miscellaneous goods 

The polar group-contairring oiefir^ copolynner and the thermoplastic resm composition of the invention can be 
used for stationery, such as desk mat, cutting mat, ruler pen holder pen grip, pen cap, scissors gnp, cutter grip, 
magnet sheet, pen case, paper holder bmder, label seal tape and white board; daily use miscellaneous goods, 
such as clothing, curtain, sheeL carpet, enlrance hall mat, bath mat, bucket, hose, bag, planter air conditioner 
filter exhaust fan filter, tableware, tray, cup, lunch box, coffee maker funnel, eyeglass frame, conta^ner storage 
case, hanger rope and washing net; sporting goods, such as shoes, goggles, skis, racket: bail, tent, swimming 
goggles, swim fin , fishing rod, cooler box, leisure sheet and sporting net; toys, such as block and cards; containers, 
such as kerosine can, drum, detergent bottle and shampoo bottle; and display goods, such as signboard, pybn 
and plastic chain, 

(13) Filler modifier 

The polar group-containing olefin copolymer and the thermoplastic resin composition of the invention can be 
favorably used as an additive to prepare a filler dfspersibllity Improver or a disperstbiNty-improved filler. 

(14) Compatibllizing agent 

The polar group-containing olefin copolymer orthe thermoplastic resin composition according to the invention 
can be used as a compatibilizing agent. When the polar group-contarnmg olefin copolymer of the invention Is used, 
a polyolefin and a thermoplastic resin containing a polar group can be mixed in an arbitrary mixing ratio. The pofar 
group-containing olefin copolymer of the invention has a main chain of a polyolefin and aside chain having a polar 
group, so that by the usa thereof, components which are Inherently incompatible can be compatlbillzed, Hence, 
elongation at break can be remarkably improved as compared with the case where the polar group-containing 
olefin copoiymDr or the thermoplastic resin composition is not used. 

Next, uses of the polar group-containing olefin copolymer and the thermoplastic resin composition according 
to the invention are described in more detail. 

Adhesive resin 

[0513] When the polar group-containing olefin copolymer or the thermoplastic resin composition of the invention is 
used as an adhesive resin, X In thefomnula (3) is preferably an acid anhydride group, an epoxy group, an amino group 
or a hydroxyl group, and Y in the formula (6) fs preferably an epoxy group, an amino group or a hydroxyl group. 
[051 4J If X is a hydroxyl group and in the formula (3) is a straight-chain or branched altphatic hydrocarbon group 
of 9 or less carbon atoms, an adhesive resin having an excellent balance between flowabiltty and adhesion properties 
can be obtalned. 

[0515] If X is a hydroxyl group and in the fonnula (3) is a straight-chain or branched aliphatic hydrocarbon group 
of 11 or more ca±ion atoms, an adhesive resin having particularly excellent adhesion properties can be obtained, 
[051 6J The adhesive resin of the invention comprises the pofar group-containfng olefin copolymer orthe thermoplastic 
resin composition, so that it shows excellent adhesion properties to metals, such as iron and aluminum, and polar 
group-containing polymers, such as polyamide, polyester, polyacetal, polystyrene, acrylonitnle/butadiene/styrene co- 
polymer (ABS), polymethacryiate, polycarbonate, polyphenyfene oxide, polyvinyl chloride, polyvinylidene chloride, pol- 
yvinyl acetate, poJyvinyl alcohol, complete or partial saponification product of ethylene/vinyi acetate copolymer, and 
ethylene/(meth) acrylic acid ester copolymer Further because the main structure is a structure of polyolefin, the ad- 
hesive resin of the invention has excellent adhesion properties also to polyofefins and can be used as an adhesive 
resm between the polar materials or the polar material and a polyolefin. 

Compatifaiiizing agent 

[0517] When the polar group-containing olefin copolymer or the thermoplastic resin composition of the invention is 
used as a compatibilizing agent, a polyolefin and a thermoplastic resin containing a polar group can be mixed in an 
artJitrary mixing ratio. The polar group-containing olefin copolymer orthe thermoplastic resin composition of the inven- 
tion has a main chain of a pofyolefin and a side chain having a polar group, and therefore, components which are 
inherently Incompatible can be compatibilized with each other Hence, elongation at break can be remarkably improved 
as compared with the case where the polar group-containing olefin copolymer or the thermoplastrc resin composition 
is not used. 

[0518] In the use as the compatibilizing agent, X in the fonrtula (3) is preferably an acid anhydride group, an epoxy 
group, an amino group, a carboxyjic acid group, a carboxyiic acid ester group or a hydroxyl group, particulahy preferably 
an acid anhydride group, an epoxy group, an amino group or a carboxyiic acid ester group, and Y in the formula (6) is 
preferably an epoxy group, an amino group or a hydroxyl group. 
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[0519] If X is a hydroxy! group and Is a hydrocarbon group of 9 or less carbon atoms, preferably 8 or less carbon 
atoms, more preferably 7 or less carbon atoms, m the formula (3), thecompatlbilizing agent shows an excellent balance 
between flowabHity and compatibility. 

[0520] If X is a hydroxyl group and is a hydrocarbon group of 11 or more carbon atoms, preferably 12 or more 
^ carbon atoms, more prefer^ly 13 or more carbon atoms, In The fomiula (3), effects of improvement In compatibility 
can be particularly enhanced, 

Resin modifier 

10 [0521] When the polar group -co rrtalrj/ng olef fn copolymer or the thermoplastic resin composrt^on of the invention is 
used as a resin modifier, effects of modification in hydrophillc nature, antistatic properties, coating properties, printability, 
etc. can be obtained. 

[0522] In the use as a hydrophlRc nature Improver or an antistatic property improver, X m the formula (3) is preferably 
a hydroxyl group, a carboxylic acid group, an amide group, an amino group, an acid anhydride group or a cartooxyllc 
15 ester group, 

[0523] In ttie use as a coating property improver or a printability improver, X in the formula (3) is preferably a hydroxy! 
group, a carboxylic acid group, an amide group, an amino group, an epoxy group or an acid anhydride group, and Y 
in the formula (6) is preferably an epoxy group, an amino group or a hydroxyl group. 

[0524] When the polar group-containmg olefin copolymer or the thermoplastic resin composition is used as the coat- 
20 ing property improver or the printability Improver and when X is a hydroxyl group and is an aliphatic hydrocarbon 
group of 9 or less carbon atoms, preferably 8 or iess carbon atoms, more preferably 7 or less carbon atoms, in the 
formula (3), the improver shows an excellent balance between ffowability and coating properties or printability. When 
X is a hydroxyl group and R3 is an aliphatic hydrocarbon group of 11 or more carbon atoms, preferably 12 or more 
carbon atoms, more preferably 13 or more carbon atoms, Inthefonnula (3), effects of improvement In coating properties 
25 and printability can be further enhanced. 

Filler dtspersant 

[0525] The polar group-containing olefin copolymer and the thermoplastic resin composition of the Invention can be 
favorably used as a filler dispersant for improving dispersibility of a filler or an additive for preparing a filler having 
improved dispersibility. 

[0526] For example, the filler dispersant is used when a thermoplastic resin is mixed with a fiiier. Examples of the 
thermoplastic resins Include the aforesaid thermoplastic resins, and preferable are polyoleflns. 

[0527] Examples of the filters used in the invention include fibers, such as all aromatic polyamide fibers, aliphatic 
polyamide fibers^ polyester fibers and cellulose fibers; organic fillers, such as fine dispersion of liquid polyester or 
polyamide, and the aforesaid inorganic fillers. 

[0528] There is no specific limitation on the amount of the filler used, and for example, the filler is used in an amount 
of 0.01 to 100 parts by weight, preferably 0.1 to 20 parts by weight, based on 100 parts by weight of the thennoplastfc 

resin . 

[0529] The fillor dispersant of the invention has high affinity with a filler and is capable of improving dispersibiiity of 
a filler. When such a filler dispersibility improver is used, a thermoplastic resin composition containing a filler can be 
Improved in mechanical properties such as rigidity, hardness, heat resistance, impact resistance and elongation. 
[0530] The filler dispersant can be used for a thermoplastic resin or a themnosetting resin using a filler, and is pref- 
erably used for a polyolefin. 

[0531] The polar group-containing olefin copolymer and the thermoplastic resin composition containing the filler dis- 
persant ot the invention can be molded by any of known processes, for example, the aforesaid processes. 
[0532] The molded products obtained by such processes are applied to wide uses such as domestic articles to 
Industrial goods. Examples of the molded products obtained by such processes include electrical parts, electronic 
parts, automobile parts, mechanical mechanism parts, food containers, fHms, sheets and fibers. IV] ore specifically, there 
can be mentioned office and OA supplies, such as printer, personal computer, word processor, keyboard, PDA (potable 
data terminal), telephone, facsimHe, copy machine, ECR (electronic cash register), electronic calculator electronic 
notebook, electronic dictionary, card, holder and stationary; electric appliances, such as washing machine, refrigerator, 
cleaner, electronic oven, lighting fixture, game machine, iron and foot warm en AV equipments, such as TV, VTR, video 
camera, radio cassette recorder, taper recorder, mini disc, CD player, speaker and liquid crystal display; and eiectric 
or electronic parts and communications equipments, such as connector, relay, condenser, switch, printed board, coil 
bobbin, semiconductor sealing material, electric wire, cable, transfonner, deflecting yoke, cabinet panel and timepiece. 
[0533] Other examples include materials for automobiles, ships or air crafts and building materials, such as seats 
(stuffing, cover), belt, roof foam lining, convertible top, arm rest, door trirr^, rear package tray, carpet, mat, sun visor, 



134 

BNSDOCID; cEP 1 1S6619A2J„.> 



EP1 186 619 A2 



wheel cover mattress cover, air bag, insulating matenal, hanger hand straps wire coating materiaL eiectrica! insulating 
materia!, coating, coating material, facing material, floor material, corner wail, deck panel coverings, plywood, ceiling 
board, partition board, side wall, carpet, wail paper wall trim matehaL exterior trim material, interior trim material, 
roofing material, soundproof material, heat insulating material and window material; and daily or sporting goods, such 
5 as clothing, curtain, sheeting, plywood, synthetic fiber board, rug, entrance mat, sheet bucket, hose, container, eye- 
glasses, bag^ case, goggie, skis, racket, tent and musical InstrumenL 

[0534] Also mentioned are bottles of shampoo and detergent^ bottles of seasonings such as cooking oil and soy 
source, bottles of beverages such as mineral water and juice, heat-resistant food containers such as lunch box and 
cooking bow[, tableware such as plate and chopsticks, other various food containers, packaging films, and packaging 
10 bags. 

Dispersion 

[0535] The polar group-containing olefin copolymer or the thermoplastic resin composition of the invention can be 
15 used as an aqueous resin dispersion by dispersing it in water or can be used as a solvent dispersion by dispersing it 
In a solvent 

Aqueous resin dispersion 

50 [0536] The aqueous resin dispersion of the invention compHses water and the polar group-containing olefin copol- 
ymer or the thermoplastic resin composition dispersed therein, 

[0537] The aqueous resfn dispersion of the invention may contain a modified polyolefin and/or a surface active agent 
when needed, within limits not detrimental to the objects of the invention. 

[0538] The modified polyolefin is a polyolefin obtained by graft modifying a polymer of an a-olefin of 2 to 20 carbon 
55 atoms with an ethyienically unsaturated carboxylic add compound. 

[0539] The viscosity^average molecular weight of the polyolefm (starting polyolefin) that is a material of the modified 
polyolefin is in the range of usually 1 ,000 to 50,000, preferably 2,000 to 30,000, more preferably 6,000 to 1 0,000. To 
obtain excellent emulsion properties, the melt viscosity thereof, as measured at ISO^C, Is in the range of usually 10 to 
5,000 cps, preferably 20 to 2,000 cps, more preferably 30 to 1 ,000 cps. 
30 [0540] To prepare the starting polyolefin, various processes hitherto known are adoptable. For example, a process 
wherein an a-olefin is polymerized so as to obtain a desired molecular weigtit using a transition metal catalyst such 
as a known metallocene catalyst and a process wherein a high-molecular weight polyolefin prepared by the use of a 
transition metal catalyst is heated to perform degradation are available. 

[0541] Examples of the ethyienically unsaturated carboxylic acid compounds for use In the graft modification of a 
35 starting polyolefin include compounds having an ethyienically unsaturated bond in lis molecule and containing a car- 
boxylic acid or a carboxylic anhydride, and their derivatives. 

[0542] Specifically, there can be mentioned ethyienically unsaturated carboxylic acids, such as acrylic acid, meth- 
acrylic acid, a-ethylacrylic acid, maleic acid, fymaric acid, itaconic acid, citraconic acid, tetrahydrophthalic acid, meth- 
yltetrahydrophthalic acid, endocis-bicyclo[2-2.1]hept-5-ene-2,3"dicarboxylic acid (nadic acid™) and methyl endocis- 
40 blcyclo[2.2.1]hept-5-ene-2,3-drcarboxylic acid (methylnadic acid^^wf); and ethyfenioally unsaturated carboxylic acid de- 
rivatlveS; such as acid halides, amides, fmides, acid anhydrides and esters of the above acids. Specific examples of 
the ethylenicaKy unsaturated carboxyHc acid derivatives include malenyl chloride, maleimide, maielc anhydride, citra- 
conic anhydride, monomethy! maleate and dimethyl maleate. 

[0543] Of these, preferable are acrylic acid, methacryllc acid, maleic anhydride, methyl acrylate, ethyl acrylate, methyl 
45 methacrylat© and ethyl methacrylate. 

[0544] The ethyienically unsaturated carboxylic acid compounds can be used singly or in combination of two or more 
kinds, or they can be used in combination with other monomers within limits not detrimental to the effects of the present 
invention. 

[0545] Examples of the monomers employable in combination with the ethyienically unsaturated carboxylic acid 
50 compound Include amino group-containing ethyienically unsaturated compounds, such as dimethylaminoethyl acryfate, 
acrylamme, aminoethyl methacrylate, dimethylaminoethyl methacrylate, aminopropyl methacrylate, N,M-dimethylami- 
nopropylacrylamide and aminostyrene; hydroxyl group-containing ethyienically unsaturated compounds, such as 2-hy- 
droxyethyl acrylate. a-hydroxypropyl acrylate, 2 -hydroxy ethyl methacrylate and allyl alcohol; and styrene type hydro- 
carbon compounds, such as styrene, a-methylstyrene, o-methylstyrene, m-metfiylstyrene, p-methylstyrene, m-ethyi- 
55 styrene, p-ethylstyrene, o- is op ropy I styrene, m-isopropylstyreneand p-isopropylstyrene. The proportion of the ethyien- 
ically unsaturated carboxylic acid compound contained in the all graft monomer components rs preferably not less than 
50. 

[0546] The modified polyolefin can be prepared In accordance with a known process, for example, a process de- 
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scribed in Japanese Patent Publication No. 22983/1977. Specifically, the starting polyolefin Is heated at a temperature 
higher than the melting point to be molten, and thereto are added the ethyienically unsaturated carboxylic acid com- 
pound and a peroxide at the same time or successively with stirring to perform graft copolymerization reaction. 
[0547] The viscosity-average molecular weight of the modified poiyoietin is in the range of usually 1 ,000 to 60,000, 
5 preferably 2,000 to 20,000, more preferably 5,000 to 10,000. 

[0548] The amount of the elhylen^cally unsaturated carboxylic acid compound contained m the modified polyolefin 
Is in the range of usually 1 .0x10^ to 0.2 mol equivalent, preferably 5.0x10"^ to 0.15 mol equivalent, more preferably 
0,01 to 0,1 mol equivalent^ based on 100 g of the modified polyotefin. 

[0549] The modified polyolefins can be used singly or in combmatlon of two or more kinds. 

[0550] Examples of the surface active agents Include sulfonic acid or carboxylic acid type anionic surface active 
agents, such as alkylnaphthajenesulfonic acid salt, Na salt of naphthalcncsuifonic acid formaldehyde condensate, Na 
salt of cresol Shaffer's acid formaldehyde condensate, alkyldiphenyl ether dtsulfonic acid Na salt, ligninsulfonic acid 
Ca salt, meianln rsstn sulfonic acid Na salt, special polyacryllc acid salt, gluconic acid salt, olefln/maleic add salt 
copolymer, carboxynnethyi cellulose Na salt, metallic soap (Zn, Al, Na or K sait), oieic acid K salt, oieic acid Na salt, 

^5 stearic acid K salt, stearic acid Na salt, beef tallow acid K salt, beef taJlow acid Na salt and triethanoi stearate amine 
salt; nonionic surface active agents, such as fatty acid monoglyceride, sorbltan fatty acid ester, sugar fatty acid partial 
ester, polyglycerin fatty acid partial ester polyoxyethylene alkyi ether, polyoxyethylene alkylphenyi ether, polyoxyeth- 
ylene sorbitan fatty acid partial ester, pofyoxyethylene sorbitol fatty acid partial ester, polyoxyethylene glycerin fatty 
acid partial ester, polyoxyethylene fatty amine, polyoxyethylene (hardened) castor oil polyoxyethylene glycol fatty acid 

^ ester, polyoxyethylene polyoxypropylene block polymer hydroxyethyl cellulose, polyvinyl alcohol polyvinyl pyrrolidone 
and methyl cellulose; cationic surface active agents, such as alkylammonium chloride, trimethylalkyiammonium bro- 
mide and alkylpyridiniumchioride; and amphoteric surface active agents, such asdimethylaikylbetaineandalkylgiyclne. 
[0551] Of these, anionic surface active agents are preferably used because more stable aqueous resin dispersion 
is obtained. Of these, more preferable are higher fatly acids, still more preferable are salts of saturated or unsaturated 

^ higher fatty acids of 1 to 20 carbon atoms, and particularly preferable are alkali metal salts thereof, 

[0552] More specifically, there can be mentioned alkali metal salts of caphc acid, undecanoic acid, lauric acid, myristb 
acid, palmitic acid, margarine acid, stearic acid, arachic add, lindane acid, thujic acid, petroseiinic acid, oleic acid, 
linoleic acid, linolenic acid, arachidonic acid and beef tallow acid, 

[0553] The surface active agents can be used singiy or in combination of two or more kinds. 
30 [0554] The aqueous resin dispersion of the invention can be prepared by, for example, dispersing the polar group- 
containing olefin copolymer or the themioplastic resin composition, and optionally, the modified polyolefm, the surtace 
active agent and various additives in an aqueous dispersing medium. Specifically, the following processes (1) and (2) 
are available, 

35 (1 ) The polar group-containing olefin copolymer or the themioplastic resin composition is dissolved in an organic 

solvent such as toluene or xylene to prepare a solution having a concentration of 1 0 to 50 weight %. Then, the 
solution is added to water together with a hydrophNic solvent, such as methyl alcohol, ethyl alcohol or isopropyl 
alcohol, and an emulsifying agent, and they are stirred by a homomixer or the like to obtain an ©nulsion. Then, 
from the emulsion, the organic solvent and the emulsifying agent are removed by an evaporator or the like. 
(2) The polar group-containmg olefin copolymer or the themnoplastic resin composition Is melt kneaded, and to 
the molter^ kneadate is added water. Then, a step of kneading the resin and water in a state where the resin is still 
moften and a step of adding a basic substance If the modified polyoleHn is unneutralized are carried out at the 
same time or successively, 

4S [0555] Of the above processes, the process (2) is preferably used to prepare the aqueous resin dispersion. The 
process (2) is described below in more detail. 

[0556] First, the polar group-containing olefin copolymer or the themnoplastic resin composition Is melt kneaded, The 
temperature in the melt kneading is higher than the melting point of the polar group-containing olefin copolymer or 

higher than the melting point of a resin having the highest melting point among the resins contained in the thermoplastic 
50 resin composition, preferably such a temperature that the melt viscosity becomes not more than 10^ poise. 

[0657] Then, to the molten kneadate is added water, and the resin and water are kneaded in a state wherein the 
resin is stiil molten so thatthe resin solids become dispersed particles. If an unneutratized and/or unsaponif led polyolefin 
is used, a basic substance can be added in this step to neutralize the polyolefin. 

[0558] Examples of the basic substances Include substances functioning as base in water, such as alkali metals, 
55 alkaline earth melals^ ammonia and amines; substances functioning as base in water, such as oxides, hydroxides, 
weak acid salts or hydrides of alkaii metais, and oxides, hydroxides, weak acid salts or hydrides of alkaline earth metals; 
and alkoxides of these metals. Specific examples of such substances are given below. 

[0559] Examples of the alkali metais include sodium and potassium; examples of the alkaline earth metals Include 
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calcium, strontium and barium; examples of amines Include inorganic amines such as hydroxylamine and hydrazine, 
methylamme, ethyJamine, ethanoiamine and cyciohexylamine; examples of the oxides, hydroxides and hydrides of 
alkali metals and alkaline earth metals include sodium oxide, sodium peroxide, potassium oxide, potassium peroxide, 
caJclum oxide, strontium oxide, barium oxide, sodium hydroxide, potassium hydroxide, calcium hydroxide, strontium 

5 hydroxide, barium hydroxide, sodium hydroxide, potassium hydroxide and calcium hydride: examples of the weak acid 
Balls oi alkali melals and alkaline earth metals include sodium carbonaie, potassium carbonate, sodium hydrogencar- 
bonate. potassium hydrogencarbonate, calcium hydrogencarbonate, sodium acetate, potassium acetate and calcium 
acetate: and examples of ammonia and amine compounds include quaternary ammonium compounds such as am- 
monium hydroxide and tetramethylammonium hydroxide. 

10 [0560} Although the basic substance may be added as such, it is preferably added as an aqueous solution. 

[0561] The step of farming dispersed particles from the resin solids and the step of neutralizing the unneutratized 
and/or unsaponified modified polyolefin may be carried out successively or at the same time. 

[0562] Although the melt kneading may becarhed out by any known means, preferred examples of the melt kneading 
means Include a kneader, a Banbury mixer and a muitJ-screw extruder. 
15 [0563] The aqueous dispersion, which is obtained by successiveiy adding water and melt kneading and In which the 
molten resin is dispersed, is then cooled to room temperature naturally orartificialiy. At this time, the dispersed particles 
are hardened to obtain a stable aqueous resin dispersion. 

[0564] It is a matter of course that, in the preparation of the aqueous resin dispersion of the invention, various side 
materials usually employable for aqueous resin dispersions, such as stabilizer, wetting agent, foaming agent, antffoam- 
^ ing agent, coagulating agent, gelatinlzer, anti-aging agent, plastlcizer, filler, colorant, aromatizing agent, anti-blocking 
agent and release agent, may be used in combination. 

[0565] The dispersed particle contained in the aqueous resin dispersion of the invention obtained as above is gen- 
erafly spherical, but they do not always need to be spherical. The mean diameter of the dispersed particles is not 
specifically limited, but it is in the range of usually 1 to 20 ^m, preferably 5 to 1 6 p.m. The particle concentration (solids 
^5 concentration) of the aqueous resin dispersion is not specifically limited, but ft is in the range of usually 6 to 40 % by 

weight. 

[0566] The aqueous resin dispersion of the invention is suitable for bonding of polyolefins which have been difficult 
to bond, such as polyethylene and polypropylene, and the dispersion is useful for bonding a polyolefin to a polyolefin 
or a polyolefin to other materiaL 

30 [0567] As the other materiaL an arbitrary materiaf such as cloth, fiber, plastic, paper or metal is employable. 

[0568] Examples of the cloths or the fibers include natural fibers such as cotton and hemp; inorganic fibers, such as 
glass fiber, carbon fiber, asbestos fiber and metallic fiber; regenerated fibers, such as viscose rayon and cupra; semi- 
synthetic fibers, such as di- ortri-acetate fiber; nylon-6, nylon-66 and polyester (polyethylene terephthalate) fibers: and 
aromatic polyamide fiber, acrylic fiber, poiyvinyl chloride fiber, polyolefin fiber, and insolubilized or sparingfy solublflzed 

35 polyvinyl alcohol fiber Short fibers are applicable to adhesion bonding through flocking. 

[0569] As the plastics, not only polyolefins but also other arbitrary plastics, such as polyvinyl chloride, ABS , polyester, 
pofyamide, polycarbonate and an epoxy resin, are available- The plastic molded product to be bonded may be in any 
shape such as sheet, film or other shape. 

[0570] The adhesion bonding can be carried out by applying the aqueous resin dispersion of the invention to an 
40 adherend surface similarly to a conventional aqueous dispersion type adhesive and then heating the dispersion to 
dryness when needed. 

Solvent dispersion 

45 [0571] The solvent dispersion of the invention comprises an organic medium and the polar group-containing olefin 
copolymer or the thermoplastic resm composition dispersed therein in a solid state. 

[0572] Examples of the organic media which are good solvents to polyolefins include aromatic hydrocarbons, such 
as benzene, toluene and xylene; aliphatic hydrocarbons, such as hexane, heptane, octane and decane; aficyclic hy- 
drocatt)ons, such as cyclohexane. cyclohexene and methylcycfohexane; aliphatic alcohols, such as ethanol and iso- 
50 propanol; ketone solvents, such as acetone, methyl isobutyi ketone and methyl ethyl ketone; and halogenated hydro- 
carbons, such as trichloroethylene, dichloroethylene and chforobenzene. 

[0573} Examples of the organic media which are poor solvents to polyolefins Include alcohols, ketones, ethers, esters 
and cellosolves. Specifically, there can be mentioned methanol, ethanol, propanol, butanol, pentanol, hexanol, pro- 
panediol, phenol, diethyl ether, dlpropyl ether, dibuty! ether, anisole, dioxane, tetrahydrofuran, acetone, methyl ethyl 
55 ketone, methyl isobutyi ketone, pentanone, hexanone, isophorone, acetophenone, anhydrous acetic acid, methyl ac- 
etate, ethyl acetate, butyi acetate, methyl propionate, butyl foimate, ethyl cellosolve and methyl cellosolve. 
[0574] The organic media can be used singly or In combination of two or more kinds, and it is preferable to use a 
mixture of a good solvent and a poor solvent from the viewpoints of low-temperature flowability and dispersion stability. 
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There is no specific limitation on the ratio between a good solvent and a poor solvent. 

[0575J To the soivent dispersion of the invention, known additives, such as pigment filler and stabilizer, can be added 
when reeded, within limits not detrinriental to the objects of the invention. 

[0576] In the preparation of the solvent dispersion of the invention = for example, the polar group-containing olefin 
5 copolymer or the thermoplastic resin composition is mixed with the organic medium and heated to be completely 
dissofved. The temperature for the melting is in the range of tisuaily 100 to ISO'^C, Then, the solution is cooled lo 
precipitate the polar group-contalnmg olefin copolymer or the thermoplastic resin composition. In order to precipitate 
the copolymer or the composition in the temperature range of 60 to 100°C, il is preferable to previously set composition 
of the organic medium and to adjust the average cooling rate to 1 to 20"C/hr, preferably 2 to 1 C'C/Nr. It is possible to 
10 dissolve the polar group-containrng olefin copolymer or the thermoplastic resin composition in an organic medium 
composed of only a good solvent, adding a poor solvent after completion of precipitation and then conducting further 
precipitation. 

[0577] The dispersed particiGS contamed in th© solvent dispersion of the mvention obtained as above are generally 
spherical, but they do not always need to be spherical. The mean diameter of the dispersed particles is not specifically 
^5 limited, but rt Is in the range of usually 1 to 20 [Am, preferably 5 to 1 5 jxm. The particle concentration (solids concentration) 
of the solvent dispersion is not specificaily limiled, but it is in the range of usually 5 to 40 % by weight 
[0S78] The resin dispersion used as an adhesive for bonding metal to metal, polyolefin to polyolefin or metal to 
polyolefin exhibits excellent adhesion properties, and hence it is effectively used as an adhesive for PTP packaging 
of medicineS; an adhesive for lamination, a coating material or a primer. 

20 

Film and sheet 

[0579] The film and the sheet comprising the polar group-containing olefin copolymer or the thermoplastic resin 

composition may be a stretched one or an unstretched one, and can be produced by an appropriate known method, 
Examples of the methods to produce the film and the sheet of the invention include extrusion molding, injection molding, 
inflation molding, blow moiding, extrusion blow molding, injection blow mofding, press moldmg, vacuum molding, cal- 
endering and expansion molding. 

[0580] When the film and the sheet comprising the polar group-containing olefin copolymer or the thermoplastic resin 

composition are produced by extrusion molding, an extrusion moiding device and molding conditjons hitherto known 
are adoptable. For example, usir^g a single-screw extruder, a kneading extruder, a ram extruder, a gear extruder or 
the like, the molten poiar group-containing olefin copolymer or the molten thermoplastic resm composition is extruded 
from a T-die, whereby an unstretched film or sheet can be produced, 

[0581] The film and the sheet of the invention may be those produced^by Inflation molding. When the film and the 

sheet of the invention comprising the polar group-containing olefin copolymer or the thermoplastic resin composition 
are produced by inflation molding, drawdown is hardly brought about, 

[0582] When the film and the sheet of the invention comprising the polar group-containing otefin copolymer or the 
thermoplastic resin composition are produced by injection molding, an injection molding device and molding conditions 
hitheriio known are adoptable. The poiar group-contairrmg olefin copolymer or the thermoplastic resin composition can 
be injection molded into a film or a sheet having desired shape and thickness. The f\\m and the sheet obtained by 
injection molding may be stretched, 

[0583] The stretched film or sheet can be obtained by stretching an unstretched film or sheet such as the ^ove- 
mentioned extruded film or sheet through a known stretching method such as tentering {lengthwise-crosswise stretch- 
ing, crosswise-lengthwise stretching), simultaneous biaxial orientation or monoaxial stretching. 
[0584] \r\ the stretching of the unstretched film or sheet, the stretch ratio is desired to be in the range of usually 20 
to 70 times in case of biaxial orientation and usually 2 to 1 0 times in case of monoaxial stretching, though it depends 
upon the thickness of the unstretched fiim or sheet. The thickness of the stretched film or sheet is preferably in the 
range of 5 to 200 \xm, though it depends upon use of the film or sheet. 

[0585] Next, the film and the sheet of the invenlaor^ having two or more layers of different compositions {sometimes 

referred lo as "laminate(s)" hereinafter) are described below. 

[0S8€] The film or the sheet of a multi-layer structure according to the invention is a film or a sheet of a multi-layer 
structure consisting of two or more layers having different compositions, and at least one layer of those layers may be 
formed from the polar group-containing olefin copolymer. The film or the sheet of the invention Is a film or a sheet of 
a multi-layer structure consisting of two or more layers having different compositions, and at least one layer of those 

layers may be formed from the thermoplastic resin composition. 

[0587] The film or the sheet of a multi-layer structure according to the invention also preferably consists of (a) a layer 
comsprising the polar group-containing olefin copolymer and (b) a thermopiastk; resin layer, or also preferably consists 
of (b) a thermoplastic resin layer and (c) a layer comprising the thermoplastic resin composition. 
[0588] The laminate of the invention is a fiim or a sheet of a multi-layer structure consisting of two or more layers 
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having different compositions, and at least one layer of those layers may be formed from the polar group-containing 
olefin copolymer or the thermoplastic resin composition, 
[0589] The laminate desirably consists of: 

(a) a layer comprising the polar group-containing olefin copolymer, and 

(b) a themioplastic resin layer^ 

or 

(b) a thermoplastic resin layer, and 

(c) a layer comprising the thermoplastic resfn composition. 

[0590] Examples of the thermoplastic resins for forming the thermoplastic resin layer (b) in the film or the sheet of a 
multi-layer structure include rosins used for the aforesaid themnoplastic resin composition, such as polyolefin, poiya- 
mide, polyester polyacetal polystyrene, acrylonitriie/butadiene/styrene copolymer (ABS), polycarbonate, polyphe- 
nyiene oxide, polyacrylate and polyvinyl chloride. These thenmoplastic resins can be used singly or In combination. 
[0591] The thermoplastic resin layer (b) preferably comprises a thermoplastic resin containing at least one resin 
selected from polyolefin, polyamide, polyester polyacetal, polyvinyl chloride, polystyrene, acryionitrile/butadiene/sty- 
rene copolymer (ABS) and polycarbonate, and more preferably comprises a thermoplastic resin selected from poly- 
olefln, ethylene/polar group-containing vinyl copolymer, polyester, polycarbonate and polyamide. 
[0592] The polyester resin is a polyester formed from dihydroxy compound units and dicarboxylic acid units. The 
dihydroxy compound units are derived from aliphatic glycols, such as ethylene glycol, propylene glycol. 1 ,4-butanedioL 
neopentyl glycol and hexamethylene glycol, allcyclic glycols, such as cyclohexanedimethanol, aromatic dihydroxy com- 
pounds, such as bisphenoL or derived from two or more dihydroxy compounds selected from these compounds. The 
dicarboxylic acid units are derived from aromatic dicarboxylic acids, such as terephthalic acid. IsophthaNc acid and 
2,6-naphthalenedicarboxylic acid, aliphatic dicaiboxyllc acids, such as oxalic acid, succinic acid, adipic acid, sebactc 
acid and undecadicarboxylicacid, allcyclic dicarboxylic acids, such as hexahydroterephthalicacid, or derived from two 
or more dicarboxylic acids selected from these acids. The polyester resin may be modified with a small amount of a 
trivalent or higher polyhydroxy compound or a polycarboxylic acid, such as triol or tricarboxylic acid. 
[0593] As the thenmoplastic polyester resin, polyethylene terephthalate, polybutyfene terephthalate, a polyethy^ene 
isophthalate/terephthalate copolymer or the like Is preferably used. 

[0594] As the polycarbonate resin, any of various polycarbonates and copolycarbontes obtained by allowing dihy- 
droxy compounds to react with phosgene or dipheny! carbonate by known processes is employable, 
[0595] Examples of the dihydroxy compounds include hydroquinone, resorcinol, 4,4'-dihydroxydlphenylmethane, 
4,4'-dlhydroxydipheny[ethane, 4,4'-dlhydroxydipheny1-n-buTane, 4, 4'-dihydroxydlphenyl heptane, 4,4"-drhydroxydlphe- 
nylphenylmethane, 4,4'"dihydroxydiphenyl-2,2-propane (bisphenol A), 4,4'-dlhydroxy-3.3'-d^methyldlphenyi-2,2-pro- 
pane, 4,4"-dlhydroxy-3,3'-diphenyldiphenyl-2,2-propane^ 4,4''djhydroxydichlorodiphenyl-2,2-propane, 4,4'-d[hydroxy- 
diphenyl-1 , 1 -cyclopentane, 4,4'-dihydroxydiphenyl-1 , 1 -cyciohexane, 4,4'-dihydroxydiphenyfmethyiphenylmethane, 
4,4'-dihydroxydiphenylethylphenylmethane, 4,4'-dihydroxydiphenyl-2,2,2>tnchloro-1 ,1 -ethane, 2,2'-dihydroxydiphe- 
nyl, 2,6-dihydroxynaphthalene, 4,4'-dlhydroxydiphenyl ether, 4,4'-d^hydroxy-,3,3'-dich!orodiphenyl ether and 4,4'-dihy- 
droxy-2,5 diethoxylphenyl ether. 

[0596] Polycarbonate using 4,4'-dlhydroxydiphenyl-2,2-propane (bisphenol A) out of the above compounds is pref- 
erable because of its excellent mechanical properties and transparency 

[0597] As the poiyamide resin, any of various polyamides and copolyamides obtained by ring-opening polymerization 
of caprolactam or polycondensation reaction of diamines with dicarboxylic acids by known processes is employable. 
Of these, nylon-6, nylon-6,6 or a m-xylenediamine/adipic acid condensation polymer is preferably used. 
[0598] Examples of the polyoleflns include an ethylene (co)polymer, a propylene (co}poiymer, a butene (co)pQlymer, 
a 4-methyl~1-pentene (co)polymer, a 3-methyl-l -butene (co)polymer and a hexere (co)polym9r Of these, an ethylene 
(co)poiymer, a propylene (co)polymer or a 4-methyl'-1 -pentene (co)polymer is preferable. As the ethylene (co)polymer 
an ethylene/vinyl acetate copolymer or an ethyleneA^inyl acetate copolymer saponification product Is more preferable. 
[0599] The ethylene content of the ethylene/vinyl acetate copolymer is desfred to be in the range of 15 to 60 % by 
mol, preferably 25 to 50 % by mol. The melt flow rate of the ethylene/vinyl acetate copolymer as measured at 1 90^C, 
is in the range of 0.1 to 500 g/10 min, preferably 0.1 to 400 g/IG min, more preferably 0.1 to 300 g/10 mm. 
[0600] As the ethylene/vinyl acetate copolymer saponification product, preferably used Is one obtained by saponifying 
an ethylene/vinyl acetate copolymer having an ethylene content of 15 to 60 % by moL preferably 25 to 50 % by mol, 
in such a manner that the degree of saponification should become not less than 50 %, preferably not less than 90 %. 
When the ethylene content Is in the above range, the saponification product is hardly thermally decomposed, easily 
melt molded and has excellent extensjbNity, water resistance and gas permeation resistance. When the degree of 
saponification is not less than 50 %, the saponification product has excellent gas permeation resistance and is pref* 
erable. 
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[0601] In the laminate of the invention, between the thernnoplastic resin layer (b) and the polar group olefin copolymer 
layer (a) or the thermoplastic resin composition layer (c) can be interposed, for example^ an ethylene {co)polymer or 
a propylene polynner having been graft copolymerlzed with maleic anhydride, 

[0602] The film and the sheet of a multi-layer structure (laminate) according to the invention may be produced by 
5 any process. For example, materials for forming layers are subjected to integral molding such as co-extrusion to form 
a film or a sheet, or a material for forming one layer of the multi-iayer structure to form a film or a sheet, followed by 
molding a material for forming another layer thereon to form a sheet or a film, or materials for forming layers are each 
molded to films or sheets, followed by laminating them by contact bonding » fusion bonding, adhesion bonding orthe like. 
[0603] The laminate of the invention desirably consists of the polar group-contaming olefin copolymer layer (a) or 
10 the thermoplastic resin composition layer (c), and the thermoplastic resjn layer (b). To produce such a laminate, there 
is empioyable a co-cxtrusion molding process wherein a thermoplastic resin for forming the thermoplastic resin layer 
(b) and the polar group -containing olefin copoiymer orthe thermoplastic resin composition are independently melted 
by different extruders, then fed to a die of two-layer or three-layer structure and co-extruded so that the polar group- 
containing olefin copofymer or the adhesive resin composition forms an intermediate layer or a sandwich laminating 
is process wherein the thermoplastic resin layer (b), and the poiar group-containing olefin copolymer layer (a) or the 
thennopJastic resin composition layer (c) are each previously formed and between those layers an adhesive resin 
composition is me[t extruded, 

[0604] Of the above processes, the co-extruslon molding process is preferable from the viewpoint of interlaminar 

strength. The co-extrusion molding process includes aT-die process using aflat die and an inflation process using a 
30 circular die. As the flat die, any of single-manifold type using black box and multi-manifold type \s employable. As the 
die for the inflation process, any of known dies is employable. 

[0605] The thickness of each layer of the laminate can be properly determined according to the use of the laminate. 
When the laminate is obtained as a sheet or a film, the thenmoplastic resin layer (b) has a thickness of usually 0.01 to 

1 mm, the adhesive layer functioning as an adhesive has a thickness of usually 0.005 to 1 mm, and the polar group- 
^5 containing olefin copolymer [ayer (a) or the thermoplastic resin composition layer (c) is usuaiiy 0.01 to 5 mm, 

[0606] When the laminate of the invention comprises, lor example, the polar group-containing olefin copolymer layer 
(a) and the themnoplastic resin layer (b), the structure of the laminate may be a two-layer structure, i.e., {a)/{b), a 
structure wherein the layer (a) is an^anged on each side, I.e., (a)/(b)/(a), or a stmcture wherein another layer (x) such 
as a polyolefin layer is added, i.e.. (a)/(b)/(x)/(b)/(a), (x)/(a)>'(b) or (xy(by{a). 
30 [0607] The film or the sheet of the invention wherein at least one layer is the polar group-containing olefin copolymer 
layer (a) orthe thennoplastic resin composition layer (c) Is favorably used as agricultural, wrapping, shrink or protective 
film or sheet. Further, the film or the sheet of the invention can be favorably used as selective separating film, such as 
blood plasma separating film, water permselectfve vaporization fHm, ion exchange membrane, battery separator or 
optica! resolution film. 

35 [0608] The sheet orthe film of the invention can be applied to various uses such as microcapsule, PTP packaging, 
chemical bulb and drug delivery system. 

EFFECT OF THE INVENTION 

40 [0609] The polar group-containing olefin copolymeror the thermoplastic resin composition according to the invention 
is excellent in adhesion properties to polar materials such as metals and polar resins, compatibility and flexibility. 

EXAMPLE 

45 [0610] The present Invention is further described with reference to thefoliowing examples, but it should be construed 
that the inventron Is In no way limited to those examples. 

[0611] In the examples, various properties were measured in the following manner 



50 



Adhesion properties 
Production of film 



[0612] On a press plate, an aluminum sheet having a thickness of 0.1 mm, apolyimide sheet and an alummum sheet 
having a thickness of 100 am from the center of which a square of 20 cm x 20 cm had been cut away were superposed 
55 in this order, and on the center (cut portion) was placed 4.0 g of a sample (poiar group-contain olefin copoiymer). 
Then, a polyimide sheet, an aluminum stieet and a press plate were further superposed thereon in this order. 
[061 3] The sample interposed between the press plates were placed in a hot press at 1 90°C and preheated for about 
5 minutes, In order to remove bubbles from the sample, operations of pressurizing (50 kg/cm^-G) and pressure release 
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were repeated several times. Subsequently, the pressure was increased to 1 00 kg/cm^-G, and the sample was heated 
for 5 minutes under pressure. After pressure release, the press plates were taken out of the pressing machine and 
transferred into a different pressing machine with a compression section kept at 20^0, followed by cooling for 5 minutes 
under a pressure of 1 00 kg/cm^-G. After pressure release^ the sample was taken out. Of the resulting film (polar group- 
5 containing ofefin copolymer film), a portion having a uniform thickness of about 150 to 170 |xm was used to measure 
adhesion strength. 

Measurement of adhesion strength to Al 

10 [0614] The polar group-containing olefin copolymer film was sandwiched between two square aluminum sheets of 

20 cm X 2D cm (thickness: SG ^m), and the aluminum shoots and the polar group-containing olefin copolymer film wore 
laminated under the same pressing conditions as in the above "Production of film". The resulting laminate was cut to 
give a strip having a width of 15 mm, and the aluminum sheet and the polar group-containing olefin copolymer film 
were peeled from each other at the adhesive Interface at a peel angle of 1 80"*: to measure peel strength. 

15 

Measurement of adhesion strength to PET 

[0615] The polar group-containing olefin copolymer film was sandwiched between two square homopolyethylene 
terephthalate (PET) films of 20 cm x 20 cm (thickness: 100 ^.m), and the PET films and the polar group-containing 
20 olefin copolymer film were laminated under the same pressing conditions as In the above "Production ot film" except 
that the press temperature was changed to 280''C and the preset temperature of the cooling press was changed to - 
8^C. The resulting laminate was cut to give a strip having a width of 15 mm, and the PET film and the polar group- 
containing olefin copolymer film were peeted from each other at the adhesive Interface at a peel angle of 180°, to 
measure peel strength. 

25 

Measurement of adhesion strength to Ny 

[0616] The polar group-containing olefin copolymerfilm was sandwiched between two square nylon 6 films of 20 cm 
X 20 cm (thickness: 100 |j,m), and the nyion 6films and the polar group-containing oief in copolymer film were laminated 
30 underthe same pressing conditions as in the above "Production of film" except that the press temperature was changed 
to 250*C. The resulting laminate was cut to give a strip having a width of 16 mm, and the nylon 6 film and the polar 
group-containing olefin copofymerfilm were peeled from each other at the adhesive interface at a peel angle of 180°, 
to measure peel strength. 

35 Measurement of adhesion strength to EVOH 

[0617] The polar group-containing olefin copolymer film was sandwiched between two square ethyler^e/vinyl alcohol 
copolymer films of 20 cm x 20 cm (thickness: 100 ^m), and the ethyl eneA^lnyf alcohol copolymer films and the polar 
group-containing olefin copolymer fiim were laminated underthe same pressing conditions as In the above "Production 
40 of film" except that the press temperature was changed to 200°C. The resulting laminate was cut to give a strip having 

a width of 15 mm, and the ethyiene/vinyl alcohol copolymer film and the polar group-containing oleflr^ copolymerfilm 
were peeled from each other at the adhesive interface at a peel angJe of ISO'', to measure peel strength. 

Impact resistance test, tensile test 

45 

Izod Impact strengjth (notched) 

[0618} The Impact strength was measured at 23^C In accordance with ASTM D 256, 
50 Tensile test 

[061 9J A dumbbelf specimen punched out of a pressed sheet was subjected to a tensile test underthe conditions of 
a temperature of 23^C, a span of 30 mm and a pulling rate of 30 mm/min m accordance with ASTM D 638, to measure 
tensile strength and elongation at break, 

55 
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Anti-fogging properties 
Production of film 

5 [0620] On a press plate, a PET sheet and an aluminum sheet having a thickness of 100 [im from the center of which 
a square of 20 cm x 20 cm had been cut away were superposed in thrs order, and on the center (cut portion) was 
placed 3,3 g of a sample (polar group-containing olefin copolymer). Then, a PET sheet, an aluminum sheet and a press 
plate were further superposed thereon in this order. 

[0621] The sample interposed between the press plates were placed in a hot press at 200"C and preheated for ^out 
fo 7 minutes, In order to remove bubbles from the sample, operations of pressurizing (50 kg/cm^-G) and pressure release 
were repeated several times. Subsequently, the pressure was increased to 1 00 kg/cm^-G, and the sample was heated 
for 2 minutes under pressure. After pressure release, the press plates were taken out of the pressing machine and 
transferred into a different pressing machine with a compressron section kept at Q'^C, followed by coofing for 4 minutes 
under a pressure of 100 kg/cm^-G. After pressure release, the sample was taken out. The resulting polar group-con- 
's taining olefin copolymer fifm was used to evaluate initial anti-fogging properties. 

Evaiuatlon of initial anti-fogging properties 

[0622] In a 1 00 cc beaker 70 cc of water was placed, and the upper part of the beaker was covered with ttie sample 
^ film. Then, the beaker was placed in a constant temperature water bath at SO^'C, and the water bath was adowed to 
stand in a constant temperature room at 20^C. After 24 hours, the degree of fogging on the inside surface of the sample 
film was observed. 

Evaluation criteria: 

25 

[06231 

AA: Droplets run on the film surface and no droplet sticking to the film surface is observed. 
BB: Large droplets are sticking to some parts of the film surface. 
30 CC: Fine droplets are sticking to almost all surface of the film. 

Coating properties 

Cross-cut adhesion test 

35 

[0624] A specimen provided with cross cuts in accordance with the cross-cut adhesion test described in J[S K5400 
was prepared, To the specimen, Cellotape (trade name, available from Nichiban Co., Ltd.) was attached. Then, the 
Cellotape was rapidfy pulied up at an angle of 90° and thereby separated from the specimen. The number of cross 
cuts with the coating film remaining thereon was counted and taken as an indication of adhesion properties. 

40 

Filler dispersibUity 

Preparation of organ icity-imparted montmorillonite 

45 [0625] In iODD ml of distilled water at 70°C, 40 g of Na type montmoriJIonlte was dispersed, into the resulting sus- 
pension, a solution obtained by mixing 20 g of 12~aminododecanolc acid and 2 ml of hydrochloric acid in 100 mi of 
distilled water was introduced, and they were stirred at 70°C for 2 hours to exchange metal ions present between 
montmorillonite layers with organic cations. Then, the precipitate obtained was filtered, sufficiently washed with warm 
water to perform purification, then freeze-dried and pulverized to obtain 27 g of organ icity-imparted monmioriilonfte. 

50 

Preparation of sample for property eygluation 

[0626] To a mixture of 92 parts by weight of a propylene/ethylene block copolymer (ethylene content: 5.6 moi %, 

MFR-. 25 g/10 min), 5 parts by weight of the organicity-imparted montmorillonite obtained above and 3 parts by weight 
55 of the polar group-containing olefin copolymer obtained In each example, Irganox 1 0t 0^*^, Irgaphos 1 68'^'^ and calcium 
stearate were each added in an amount of 0.1 part by weight, and the resulting resin was melt mixed by a twin-screw 
extruder with a diameter of 20 mm at a cylinder temperature of 200°G in a nitrogen atmosphere to prepare pellets. The 
pellets were injection molded under the conditions of a cylinder temperature of 200°C, a mold temperature of 40^C 
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and an injection pressure of 1000 kg/cm^ to obtain specimens for various property evaluation. The specimens were 
maintained at 23^0 for 168 liours and then subjected to tests. 

Flexural modulus (FM) 

5 

[0627] Using an Injection molded specinnen having a length of 5 inches, a width of 1/2 inch and a thickness of 1/8 
mchf flexural modulus was measured in accordance wjlh ASTM D 638. 

I god impact strenc^th (IZ) 

10 

[0628] Using a specimen (rear notched) having a thickness of 1/4 inch, Izod impact strength was measured at 23°C 
in accordance with ASTM D 25B. 

Heat distortion temperature (HPT) 

15 

[0629] Using an injection molded specimen having a length of 5 inches, a width of 1/4 inch and a thickness of 1/2 
Inch, heat distortion temperature was measured in accordance with ASTM D 648. 

Dispersibility in water 

20 

Preparation of water dispersion 

[0630] With 40 g of the pofar group-containing olefin copolymer obtained, 4 g of maieic anhydride graft polypropylene 
(propylene/ethyiene: 98/2 by mol, maieic anhydride content: 4-0 weight viscosity-average molecular weight: 1 7,000, 

25 density: 0.919 g/cm^, melting point: 136°C, softening point: 143^C, melt viscosity (iBO^C): 500 cps) as modified poly- 
olefin and 1 .2 g of potassium oleate as a surface active agent were mixed at room temperature. Then, the mixture was 
melt kneaded for 5 minutes by a labo-plastomtll (preset temperatyre: 200^C). To the kneadate was then added 1 .4 g 
of a 1 8.7 % aqueous solution of potassium hydroxide, followed by melt kneading for another 5 minutes. Subsequently 
the contents were taken out of the mllL and the resulting viscous emulsion was dispersed in hot water of eo^'C to obtain 

30 an aqueous resin dispersion. 

Measurement of dispersed particle diameter 

[0631] The dispersed particle diameter was measured using a microtrack manufactured by Honeywell Co. 

35 

Dispersing stabiNty 

[0632] The aqueous resin dispersion obtained in each example was placed in a glass bottle capable of being closed, 
and allowed to stand still at room temperature. After one month, separation between the aqueous phase and the resin 
40 phase was observed. 

Heat-sealing strength to Al 

[0633] Each dispersion was coated on an aluminum foil (50 j.Lm) by a bar coater air dried and then heated for 10 
45 seconds in an a^r oven preset at 200*='C to obtain a coated foil having a uniform coating film. The coated foil and a 
LLDPE sheet {avaifabie from Akosu Kogyo K.K., thickness: 300 j.tm) were heat bonded at a temperature of 180°C for 
1 second under a pressure of 1 kg/cm^ by the method in accordance with J}S Z1 707, and then cut to give a specimen 
having a width of 15 mm. The specimen was subjected to a 180^ peel test at a measuring temperature of 23°C to 
measure adhesion strength (pulling rate: 300 mm/min). 

50 

Dispefsibillty in solvent 

Preparation of solvent dispersion 

55 [0634] In a 1 -liter glass autoclave equipped with a stirrer, 55 g of the polar group-containing olefin copolymer obtained 
and 495 g of toluene were placed, and they were heated to 130°C to completely dissolve the resin. Thereafter, the 
solution was cooled down to QS^'C over a period of 1 hours, then cooled from 85°C down to 40'='C over a period of 4.5 
hours and then cooled from 40*C down to 30°C over a period of 30 minutes, to obtain a resin dispersion. 
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MeasLjrem6nt of dispersed particle diameter 

[0635] Tlie dispersed particle diameter was measured using a microtrack manufactured by Honeywell Co. 



5 Dispersing stability 

[0636] The solvent dispersion obtained in each example was placed in a glass bottle capable of being closed, and 
aitowed to stand stilt at room temperature. After one month, separation between the solvent phase and the resin phase 
was observed. 

10 

Heat'Sealing strength to Al 

[0637] Each dispersion was coated on an aluminum foil (50 yum) by a bar coater, air dried and then heated for 10 
seconds in an air oven preset at 200^C to obtain a coated foil having a uniform coating film. The coated foil and a 
15 LLDPE sheet (available from Akosu Kogyo KK., thickness: 300 ^.m) were heat bonded at a temperature of 1 SO°C for 
1 second under a pressure of 1 kg/cm^ by tiie method in accordance with JIS Z1 707, and then cut to give a specimen 
having a width of 15 mm. The specimen was subjected to a 180"^ peel test at a measuring temperature of 23''C to 
measure adhesion strength (pulling rate: 300 mm/min). 

^ Example 1 

[0638] In a 1000 ml glass polymerization reactor thoroughly purged with nitrogen, 400 ml of n-decane was placed, 
then nitrogen was passed through at a rate of 20 1/hr, and the contents were maintained at 1 30''C for 1 0 minutes. Then , 
0.6 mmol of triisobutylaiuminum was added, followed by further adding 0.48 mmol of undecen-1 -ol (having been dried 
25 over activated alumina) represented by the following formula. 



[0639] Then, 1 .1 00 mmol of methylaluminoxane was forther added, and passing of nitrogen was stopped, followed 
by passing ethylene at a rate of 12.5 l/hr. Finally, a toluene slurry solution in which 0.002 mmol of dimethylsllylene 
(2,7-dimethyl-4,5-(2-methyl-ben20)-1 -incieny!)(2,7-di-tert-butylfluorenyl)2irconium dichioride and 0.500 mmol of meth- 

35 ylaiuminoxane had been contacted at room temperature for 1 0 minules was added to initiate polymerization. After the 
polymerization was conducted at 130''C for 1 hour at atmospheric pressure, a small amount of isobutyl alcohol was 
added to terminate the polymerization. Then^ 100 ml of an isobutyl alcohol solution containing 1 ml of a concentrated 
hydrochloric acid aqueous solution was added, followed by heating at 75^*0 in a nitrogen atmosphere. The polymer 
solution obtained was introduced into a large excess of methanol to precipitate a polymer and then vacuum dried at 

40 BO'^C for 12 hours. As a result, 3.73 g of a polymer was obtained. 

[0640] Properties of the resulting polar group-oontaining olefm copolymer are set forth In Table 8. 

[0641] The polar group-containing olefin copolymer was measured on the adhesron strength (to Al) by the aforesaid 

method. The result is set forth in Table 9. 

45 Example 2 

[0642] in a 1000 ml glass polymerization reactor thoroughly purged with nitrogen, 400 mi of toluene was placed, 
then nitrogen was passed through at a rate of 20 t/hr, and the contents were maintained at 90*^0 for 10 minutes. Then. 
0.6 mmol of tnlsobutylalumlnum was added, followed by further adding 0.48 mmol of 1 ,2-epoxy-9-decene (having been 
50 dried over silica alumina) represented by the following formula. 



[0643] Then, 1 .100 mmol of methylaluminoxane was further added, and passing of nitrogen was stopped, followed 
by passing ethylene at a rate of 12.5 l/hr. Finally: a toluene slurry solution in which 0.002 mmol of dimethylsllylene 





30 



ss 





144 



BNSDOCID; <EP 1 1&6fil9A2.J_> 



EP1 186 619 A2 



{27-ciiniethyl-4,5-(2-methyUbenzo)-1-lndenyl)(27-di4ert'butyl^^ dichlonde and 0.500 mmoi of meth- 

ylafuminoxane had been contacted at room temperature for 1 0 minutes was added to initiate polymerization. After the 
polymerization was conducted at 90°C tor 1 hour at atmospheric pressure, a sma|[ amount of Isobutyl alcohol was 
added to temiinate the polymerization. Then. 100 mt of an isobutyl alcohol solution containing 1 ml of a concentrated 
5 hydrochloric acid aqueous solution was added, followed by heating at 75"C in a nitrogen atmosphere. The polymer 
solution obtained was introduced into a large excess of methanol to precipitate a polymer and then vacuum dried at 
BO°C for 12 hours. As a result, 3.64 g of a polymer was obtained, 

[0644] Properties of the resulting polar group-containing olefin copolymer are set forth in Table 8. 
[0645] The polar group-containing olefin copotymer was measured on the adhesion strength (to P ET) by the aforesaid 
10 method. The result Is set forth in Table 9. 

Example 3 

[0646] In a 1000 ml giass poiymsrization reactor thoroughly purged with nitrogen^ 400 mt of n-decane was placed, 
15 then nitrogen was passed through at a rate of 20 l/hr, and the contents were maintained at 90**C for 1 0 minutes. Then, 

0.6 mmol Qf trIisobutylalLsminum was added, followed by further adding 0.48 mmol of (2,7-octadiGn-1*yl)succmic an- 
hydride (having been dried over activated alumina) represented by the following formula. 




(2, T-octadien-l-yl) succinic anhydride 



[0647] Then, 1 .100 mmoi of methylalumlnoxane was further added, and passing of nitrogen was stopped, followed 
by passing ethylene at a rate of 12.5 l/hr Finally a toluene slurry solution \n which 0.002 mmol of d^methylsilylene 
(2,7"dimethyl-4,5-(2-methyl-benzo)-1-indenyl)(2,7-dl'-tert-butylfluorenyl)zirconium dichloride and 0.500 mmoi of meth- 
ylaluminoxane had been contacted at room temperature for 1 0 minutes was added to initiate polymerization. After the 
polymerization was conducted at 130^0 for 1 hour at atmospheric pressure, a smail amount of Isobutyl alcohol was 
added to terminate the polymerization. Then, 100 ml of an isobutyl alcohol solution containing 1 mi of a concentrated 
hydrochloric acid aqueous solution was added, followed by heating at in a nitrogen atmosphere. The polymer 

solution obtained was introduced into a large excess of methanol to precipitate a polymer and then vacuum dried at 
SO^C for 12 hours. As a result, 3.18 g of a polymer was obtained. 

[0648] Properties of the resulting polar group-containing olefin copolymer are set forth in Table 8. 

[0649] The polar group-containing olefin copolymer was measured on the adhesion strength (to Ny) by the aforesaid 

method. The result is set forth in Table 9. 

Example 4 

[0650] Copoiymerlzation of propylene and a polar group-containing monomer was carried out in the same manner 
as m Example 1 , except that 0.00075 mmol of dimethylsjly!ene(2-methy!-4-phenanthryl-1 -indenyl)zirconium dichloride 
was used instead of dimethyisilylene(2,7-dimethyl-4.5-(2-methyi-benzo)-1 -indenyl){2.7-di-tert-butylfluorenyi)zirconium 
dichloride, pentapropenyi succinic anhydride represented by the following formula was used as the polar group-con- 
taining monomer, and polymerization was conducted at 60^Cfor30 minutes with passing propylene instead of ethylene. 
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^ Pentapropenyl succinic anhydride 

[0651] Properties of the resulting polar group-containing olefin copoiymer are set forth in Table 8. 
[0652] The polar group-containing olefin copolymer was measured on the adhesion strength (to EVOH) by the afore- 
said method. The result is set forth in Table 9. 

15 

Example 5 

[0653] Polymerization was carried out In the same manner as in Example 4, except that 1 ,2-epoxy-9-decene was 
used Instead of pentapropenyl succinic anhydride. Properties of the resulting polar group-containing olefin copolymer 

20 are set forth in Table 8. 

[06541 To 20 weight % of the polar group-containing olefin copolymer obtained above, 80 weight % of nylon 6 (relative 
viscosity: 2.35 dl/g) was added, and the mixture was melt kneaded by a twin-screw extruder with a diameter of 20 mm 
at 250*C to prepare a thermoplastic resin composition. The thermoplastic resin composition was subjected to an impact 
resistance test and a tensile test by the aforesaid methods. The results are set forth in Table 9. 

Example 6 

[0655J To 10 weight % of the polar group-containing ofeffn copolymer obtained in Example 4, 30 weight % of nylon 

6 (relative viscosity: 2-35 dl/g) and 60 weight % of a propylene homopolymer (MFR (230"C, load of 2.16 kg): 2.2 g/10 
30 min) were added, and the mixture was meit kneaded by a twin-screw extruder with a diameter of 20 mm at 250'' C to 
prepare a thermoplastic resm composition. The thermoplastic resin composition was subjected to an impact resistance 
test and a tensile test by the aforesaid methods. The results are set forth in Tabie 9. 

C omp a rati ve ExampI e 1 

35 

[0656] To 70 weight % of a propylene homopolymer (MFR (230^*0, load of 2.16 kg): 2.2 g/10 min), 30 weight % of 
nylon 6 (relative viscosity: 2,35 dl/g) was added, and the mixture was meft kneaded by a twin-screw extruder with a 
diameter of 20 mm at 250*=^C to prepare a thermoplastic resm composition. The thermoplastic resin composition was 
subjected to an impact resistance test and a tensiie test by the aforesaid methods. The results are set forth In Table 9, 

Example 7 

[06571 From the polar group-containing olefin copoiymer obtained In Example 1 , a film was produced in the aforesaid 
manner. Using the film, anti-fogging properties were evaluated. The result is set forth in Tabie 9, 

45 

Example 8 

[065B] Polymerization was earned out in the same manner as In Example 1 , except that delta 12-tndecenoi repre- 
sented by the foHowing formula was used Instead of undecen-1-ol and propylene was used instead of ethylene. 

50 




OH 



delta 12-tridecenoi 

55 

[0659] Properties of the resulting polar group-containing olefin copolymer are set forth in Tabie 8, 

[0660] The poiar group-containing olefin copolymer was evaluated on the coating properties by theaforesaid method. 
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The result is set forth in Table 9, 



Example 9 



[06611 Using the polar group-containing olefin copolymer obtained in Example 4, filler dispersibillty was evaluated 
by tfie aforesaid method. The result is set fortti in Table 9. 



Comparative Example 2 

[0662] Filler dispersibillty was evaluated In the same manner as In Example 9, except that no poiar group-containing 
olefin copolymer was used- The result is set forth In Table 9. 



Example 10 



[0663] Using the polar group-containing olefin copolymer obtained In Example 1 , a water dispersion was prepared 
In the aforesaid manner, and dispersibility in water was evaluated by the aforesaid method. The result Is set forth in 

Table 9. 



20 

[Q664] Gopolymerization of ethylene and a polar group-containing monomer w/as carried out in the same manner as 
in Example 1 , except that yndecyfenic add represented by the following formula was used instead of undecen-1-oi. 



25 




undecylenic acid 



[0665] Properties of the resulting polar group-containing olefin copolymer are set forth in Table 8. 

[0666] Using the polar group-containing olefin copoiymer thus obtained, a water dispersion was prepared m the 

aforesaid manner, and disperslbility in water was evaluated by the aforesaid method. The result is set forth in Table 9, 



Example 12 

35 

[0667] Using the polar group-contamlng olefin copolymer obtained in Example 3, a solvent dispersion was prepared 
in the aforesaid manner, and disperslbility in solvent was evaluated by the aforesaid method. The result Is set forth in 
T^le 9, 
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Table 9 







Property items 


Property value 


Unit 


5 


Ex. 1 


Adhesion strength (to A!) 


2 


Kgf/' 5 mm 




Ex. 2 


Adhesion strength (to PET) 


broken substrate 


Kgf/16mm 




Ex. 3 


Adhesion strength (to Ny) 


6.2 


Kgf/ISmm 


10 


Ex. 4 


Adhesion strength {to EVOH) 


6.5 


Kgf/15mm 


Ex. 5 


iZ 


32 


J/m 






Tensile strength 


41 


MPa 






Elongation at break 


11 


% 


13 


Ex. 6 


IZ 


28 


J/m 






Tensife strength 


40 


MPa 






Elongation at breal< 


13 


% 


au 


Comp Ex.1 


IZ 


15 


J/m 




Tensile strength 


22 


MPa 






Elongation at break 


4 


% 




Ex. 7 


Anti-fogging properties (visual observation) 


AA 


- 


25 


Ex. 8 


Cross-cut adhesion test 


100/100 


number of cuts/ number of cuts 




Ex. 9 


FM 
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MPa 






12 


55 


J/m 


30 




HOT 


129 


°C 


Comp Ex, 2 


FIVI 


1250 


MPa 






IZ 


52 


J/m 






HOT 


115 


''C 


35 


Ex. 10 


Dispersed particle diameter 


0.7 


^m 






Dispersion stability 


not separated 








Heat«sealing strength to Al 


2 


Kgf/15mm 


40 


Ex. 11 


Dispersed particle diameter 


0.6 






Dispersion stability 


not separated 








Heat-sealing strength to Al 


2,5 


Kgf/15mm 




Ex. 12 


Dispersed particle diameter 


10 


p.m 


45 




Dispersion stability 


not separated 








Heat-sealing strength to Al 


3 


Kgf/1 5mm 



Example 13 

50 

[0668] In a 2*liter Stainless Steel (SU3) autoclave thoroughly purged with nitrogen, 120 g of 1-butene, 380 ml of Mitsui 
hexane and 1 .50 mmol of triisobutylalumlnum were placed. The SUS autoclave was heated up to 150^C, and 1 .140 

mmol of methylaiuminoxane was added, foUowed by further adding 1 .350 mmoi of undecen-1-ol (having been dhed 
over activated alumina and then vacuum distilled) represented by the foilowmg formula. With keeping the temperature 
55 at 1 50^C, the autoclave was pressurized with ethylene so that tfie total pressure became 30 kg/cm^-G, 
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undecen-l-ol 



10 



15 



[0669] Separately, into a 20 ml glass fiask thoroughly purged with nitrogen, a toluene slurry solution in which 0.00075 
mmol of dinneihylsjlylene(2~niethyl-4.5-ben^o-1-indenyl)(2,7-di4ert-butyinuorenyl)^lrconi dichlorlde and 0.4300 
mmo! of methyialuminoxane had been contacted at room lennperature for 10 minuEes was Injecled with nitrogen, and 
600 Nml of hydrogen was further Injected. For the period of 10 mmutes after the injection, the temperature in the 
autoclave was maintained at 1 50^C and the pressure therein was nnaintained at that immediately after the injection by 
pressunzing with ethylene. Then, a small amount of isobutyf afcohol was added to terminate the polymerization. The 
polymer solution obtatned was mtroduced into a large excess of methanol to precipitate a polymer and then vacuum 
dried at SO^^C for 12 hours. As a result, 10.40 g of a polymer was obtained. The polymerization activity was 83 kg/ 
mmol-Zr-hr 

[0670] Properties of the resulting polar group-containing olefin copolymer are set forth in Table 1 0. 

[0671 } The polar group-containing olefin copolymer was evaluated on the coatmg properties by the aforesaid method. 

The result is set forth irt Table 11 . 



Example 14 

20 [0672] Ethylene, 1 -butene and a polar group-containing monomer were polymerized in the same manner as In Ex- 
ample 1 3, except that undecylenic acid represented by the following foimula was used instead of yndecen-1 -ol. 



25 




undecylenic acid 



30 



[0673] Properties of the resulting polar group-containing olefin copolymer are set forth in Tabfe 1 0. 

[0674] The polar group-containing olefin copolymer was evaluated on the adhesion strength (to A!) by the aforesaid 

method. The result Is set forth in Table 11 . 



Exarnpjelj 

[0675] Ethylene, 1 -butene and a polar group-containing monomer were polymerized in the same manner as in Ex- 
ample 13, except that 1 ,2-epoxy-9-decene represented by the following formula was used instead of undecen-1 -ol and 
550 Nml of hydrogen was used. 




1, 2-'epoxy-9-decene 



45 



[0676] Properties of the resulting polar group-containing olefin copolynner are set forth m Table 1 0. 
[0677] To 20 weight % of the polar group-containing olefin copolymer obtained above.SO weight % of nylon 6 (relative 
viscosity; 2,35 dl/g) was added, and the mixture was melt kneaded by a twrn-screw extmder with a diameter of 20 mm 
at 250''C to prepare a thermoplastic resin composition. The thermoplastic resin composition was subjected to an impact 
resistance test and a tensile test by the aforesaid methods. The results are set forth m Table 11 . 



50 Example 1 6 

[0678] Ethylene, 1 -butene and a polar group-containing monomer were polymerized in the same manner as in Ex- 
ample 1 3, except that (2 J-octadien-1 -yl)succinic anhydride represented by the following formula was used instead of 
undecen-1-ol and 550 Nml of hydrogen was used, 

55 
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10 



(2, 7-octadien-l^yl) succinic anhydride 



15 



[0679] ProportiDS of the resulting po^ar group-containing olefin copolynner are set forth in Tabis 10. 
[0680] To 20 weight % of the polar group-containing olefin copolymer obtained above, 80 weight % of nyion 6 (relative 
vtscosrty: 2-35 dl/g) was added, and the mixture was melt kneaded by a twin-screw extruder with a diameter of 20 mm 
at 250^0 to prepare a thermoplastic resin composition, The themnoplastic resin composition was subjected to an impact 
resistance test and a tensile test by the aforesaid methods. The results are set forth in Table 1 1 . 



Example 17 



20 



25 



[0681] Ethylene, propytene and a polar group -containing monomer were polymerized in ttie same manner as in 
Example 1 6, except that propylene was injected at an initial partial pressure of 3 kg/cm^ instead of 1 -butene, hydrogen 
was not added, and polymerization was conducted at a polymerization temperature of 80''C. 
[0682] Properties of the resulting polar group-containing olefin copolymer are set forth in Table 1 0. 
[0683] To 20 weight % of the polar group-containing olefin copolymer obtained above, BO weight % of nyion 6 (relative 
viscosity: 2.35 dl/g) was added, and the mixture was melt kneaded by a twin-screw extruder with a diameter of 20 mm 
at 250^C to prepare a thermoplastic resin composition. The thermoplastic resin composition was subjected to an impact 
resistance test and a tensile test by the aforesaid methods. The results are set forth in Table 1 1 . 
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Table 11 



10 



15 



20 



25 





Property Items 


Property value 


Unit 


Ex. 13 


Cross-cut adhesion test 


100/100 


number of cuts/number of cuts 


Ex. 14 Ex. 14 


Adhesion strength (to Al) 


3 6 3,6 


Kgf/15mm Kgf/15mnri 


Ex. 15 


!Z 


490 


J/m 




Tensile strength 


40 


MPa 




Elongation at break 


40 


% 


Ex. 16 


iZ 


260 


J/nn 




Tensile strength 


45 


MPa 




Elongation at break 


120 


% 


Ex. 17 


IZ 


265 


J/m 




Tensile strength 


46 


MPa 




Elongation at break 


122 


% 



Example 1 8 

[0664] In a 1000 m\ glass polymerization reactor thoroughly purged with nitrogen, 400 ml of n-decane was placed, 
then nitrogen was passed through at a rate of 20 l/hr, and the contents were maintained at 130^ C for iO minutes. Then, 
0.6 mmol of triisobutylaiuminum was added, followed by further adding 0.48 mmol of delta 12-tndecenol (having been 
dried over activated alumina and then vacuum distilled) represented by the following formula. 



30 



delta 12-tridecenol 



35 



40 



45 



[0685] Then, 1 .100 mmol of methylamminoxane was further added, and passing of nitrogen was stopped, followed 
by passing ethylene at a rate of 12,5 l/hr. Finally, a toluene slurry solution m which 0.002 mmol of dimethylsiiylene 
(2,7-dimethyl-4,5"(2-methyl-beiizo)-1-indenyi)(2,7-dhtert-butylfluorenyl)2irconium dichloride and 0.500 mmol of meth- 
ylaluminoxane had been contacted at room temperature for 1 0 minutes was added to Initiate polymerization. After the 
polymerization was conducted at 130^C for 1 hour at atmospheric pressure, a small amount of isobutyl alcohol was 
added to temninate the polymerization. Then, 100 m] of an [sobutyl alcohol solution containing 1 mi of a concentrated 
hydrochloric acid aqueous solution was added, followed by heating at 75^C in a nitrogen atmosphere. The polymer 
soiution obtained was Introduced into a large excess of methanol to precipitate a polymer and then vacuum dried at 
80°C for 12 hours. As a result, 3.44 g of a polymer was obtained. 

[0686] Properties of the resulting polar group-containing olefin copolymer are set forth in Table 12. 

[0687] The polar group-containing olefin copolymerwas evaluated on the coating properties by the aforesaid method. 

The result is set forth in Table 13. 



Example 19 



50 



55 



[0688] Propylene and a polar group-containing monomer were copolymerized in the same manner as in Example 
18, except that 0.00075 mmol of dlmethylsilylene(2-methyl-4-phenanthryi-1 "[ndenyOzirconium dichloride was used in- 
stead of dimethylsifylene(2,7-dfmethyl-4^5-(2-methyl-benzo)-1-indenyl)(2,7"di-tert-butyifluorenyl)2irconium dichloride 
and potymerization was conducted at 60='C for 30 minutes with passing propylene instead of ethylene. 
[D689] Properties of the resulting polar group-containing ofelln copolymer are set forth In Table 1 2. 
[0690] The polar group-contain ing olefin copolymerwas evaluated on the coating properties by the aforesaid method. 
The result is set forth m Table 13. 
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Example 20 



10 



15 



[0691 3 in a 2-l{ter stainless steel (SUS) autoclave thoroughly purged with nitrogen J 20 g of 1 -butene, 950 ml of Mitsui 
hexane and 1.50 mmol of trilsobutyiaiuminum were placed. The SUS autoclave was heated up to 150"C, and 1 .140 
mmoi of methylalumlnoxane was added, followed by further adding 1 .350 mmol of delta 12-tridecenoi (tiaving been 
dried over siiica alumina and Ihen vacuum distilled) represented by the above formula. With keeping the temperature 
at 150^C, the autoclave was pressurized with ethylene so that the total pressure became 30 kg/cm^-G. Separately, 
Into a 20 ml glass flask thoroughly purged with nitrogen, a toluene slurry solution in which 0.00075 mmol of dfmethyl- 
silyiene(2'methyl-4,5-ben2o-1-indenyl)(2,7-di-tert-butylfluorenyl)eirconium dichloride and 0.4300 mmol of methylalu- 
minoxane had been contacted at room temperature for 1 0 mJnutes was rnjected with nitrogen, and 600 Nml of hydrogen 
was further injected- For the period of 10 minutes after the injection, the temperature in the autoclave was maintained 
at iSO^'C ar^d the pressure therein was maintained at that immediately after the injection by pressurizing with ethylene. 
Then, a small amount of Isobutyl alcohol was added to tenninate the polvmiehzation. The polymer solution obtained 
was introduced into a large excess of methanol to prGcipitate a polymer and then vacuum dried at SO'^C for 12 hours. 
As a result, 10.40 g of a polymer was obtained. The polymerization activity was 83 kg/mmol-Zr-hr 
[0692] Properties of the resulting polar group-containing olefin copolyrner are set forth in Tabie 12. 
[0693] The polar group-containing olefin copolymer was evaluated on the coating properties by the aforesaid method. 
The result is set forth in Table 13. 



20 Example 21 

[0694] Ethylene and a polar group-containing monomer were copolymenzed in the same manner as in Example 1 8, 
except that pentadec-14-enolc acid represented by the foHowing fomnula was used instead of delta 12-trldecenor 



25 




30 



pentadec-'14"-enoic acid 



35 



[0695] Properties of the resulting polar group-containing olefin copolymer are set forth In Table 12. 

[0696] The polar group-containing olefin copolymer was evaluated on the adhesion strength (to Al) by the aforesaid 

method. The result is set forth in Table 13. 



Example 22 



40 



[0697J Propylene and a poiar group -containing monomer were copolymerized in the same manner as in Example 
19, except that pentapropenyl succinic anhydride represented by the following formula was used instead of delta 12-tri- 
decenol. 



45 



50 




pentapropenyl succinic anhydride 



55 



[0698] Properties of the resulting polar group-containing olefin copofymer are set forth in Table 12. 

[0699] The polar group-containing olefin copolymer was evaluated on the adhesion strength (to Al) by the aforesaid 

method. The result set forth in Tabfe 13. 
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Table 13 





Evaluation sterns 


Property value 


Unit Unit 


Ex. 18 


Cross-cut adhesion test 


100/100 


number of cuts/number of cuts 


Ex. 19 


Cross-cut adhesion test 


100/100 


numoer of cuis/n umber of cuts 


Ex.20 


: Cross-cut adhesion test 


100/100 


number of cuts/number of cuts 


Ex. 21 


Adhesion strength (to Al) 


3 


Kgf/i 5mm 


Ex. 22 


Adhesion strength (to Al) 


3.5 


Kgf/i 5mm 



Example 23 

[0700] In a 1000 ml glass polymerization reactor thoroughly purged with nitrogen, 400 ml of toluene was placed, 
then nitrogen was passed through at a rate of 20 l/hr and the contents were maintained at 60='C for 1 0 minutes. Then , 
0.6 mmof of triisobutytaluminum was added, followed by further adding 0.48 mmol of [2,7-octadlen-l -yl)succinic an- 
hydride represented by the following formula. 



.0 




0 

(2^ T-octadien-l-yl) succinic anhydride 

[0701] Then, 1 .100 mmol of methylaluminoxane was further added, and passing of nitrogen was stopped, followed 
by passing propylene at a rate of 12.5 l/hr. Finally, a toluene slurry solution in which 0.0075 mmol of dimethylsilyiene 
(2~methyl-4-phenanthryMHndenyl)zirconiym dichloride and 0.500 mmol of methylaluminoxane had been contacted at 
room temperature for 1 0 minutes was added to initiate polymerization. After the polymerization was conducted at 60^C 
for 30 minutes at atmospheric pressure, a small amount of isobutyl alcohol was added to terminate the polymerization. 
Then, 1 00 mi of an isobutyl alcohol solution containing 1 mS of a concentrated hydrochloric acid aqueous solution was 
added, followed by heating at 75''C in a nitrogen atmosphere. The polymer solution obtained was introduced into a 
large excess of methanol to precipitate a polymer and then vacuum dried at 80°C for 12 hours. As a result, 1 .75 g of 
a polymer was obtained. 

[0702] Properties of the resulting polar group-containing olefin copolymer are set forth in Table 14. 

[0703] The polar group-containing olefin copolymer was evaluated on the adhesion strength (to Al) by the aforesaid 

method. The result is set forth in Table 15. 

Example 24 

[0704] In a 1000 mf gfass polymerization reactor thoroughly purged with nitrogen, 40C ml of toluene was placed, 
then nitrogen was passed through at a rate of 20 l/hr, and the contents were maintained at 90*C for 1 0 minutes. Then, 
0.6 mmol of triisobutylaluminum was added, followed by further adding 0.48 mmol of 1 ,2-epoxy-9-decene (having been 
dried over silica alumina) represented by the following formula. 




1 r 2-epoxy"9-decene 



[0706] Then^ 1 .1 00 mmol of methylaluminoxane was further added, and passing of nitrogen was stopped, followed 
by passing ethylene at a rate of 12.5 l/hr. Finally, a toluene stuny solution In which 0.002 mmol of dimethylsilyiene 
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10 



(2y-dimethy^4,5-(2-methy!-benzo}-1 -indenyf)(27-di4ert-butylfluorenyl)zir^^ dichlohde and 0.500 mmol of meth- 
ylaiuminoxane had been contacted at roonn temperature for 1 0 mmutes was added to innate polymerization. After the 
polymenzation was conducted at 90-^0 for 1 hour at atmospheric pressure, a snnall amount of isobutyt alcohol was 
added to terminate the poiymerlzatlon. Then, 100 ml of an isobutyl alcohol solution contaming 1 ml of a concentrated 
hydrochloric acid aqueous solution was added, followed by heating at l^^'O In a nitrogen atmosphere. The polymer 
solution obtained was introduced Into a iarge excess of methanol io precipitate a polymer and then vacuum dried at 
SO^C for 12 hours. As a result, 3.08 g of a polymer was obtained. 

[0706] Properties of the resulting polar group-containing olefin copolymer are set forth In Table 14. 

[0707] The polar group<;ontaining olefin copolymer was evaluated on the adhesion strength (to Ai) by the aforesaid 

method. The result is set forth in Table 15. 
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Example 25 



15 



[0708] Ethylene and a polar group-containing monomer were copolymerized in the same manner as in Example 24, 
except that 4-h©X".5-enyloxy-phenoi represented by the foHowmg formula was used instead of 1 ,2>epoxy-9-decene. 



20 




25 



4 -hex-S-enyloxy-phenol 

[0709] Properties of the resulting polar group-containing olefin copolymer are set forth in Table 14. 

[0710| The polar group-containing olefin copolymer was evaluated on the adhesion strength (to PET) by the aforesaid 

method. The result is set forth in Table 15. 
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Table 15 





Evaluation items 


Property value 


Unit 


Ex, 23 


Adhesion strength (to Al) 


3.6 


Kgf/16mm 


Ex. 24 


Adhesion strength (to PET) 


broken substrate 


Kgf/15mna 


Ex. 25 


Adhesion strength (to PET) 


3 


Kgf/15mm 



io Example 26 

[0711] In a 1000 ml glass polymenzatlon reactor thoroughly purged w/ilti nitrogen, 400 ml of toluene was placed, 
then nitrogen was passed through at a rate of 20 i/hr and the contents were maintained at O^C for 10 minutes. Tt^en. 
0.6 mmot of triisobutylaluminum was added, foilowed by further adding 0,48 mmol of undecen-1 -ol represented by the 
is following formula. 




undecen-l-ol 

20 

[0712] Then, 1 .100 mmoi of methylaluminoxane was further added, and passing of nitrogen was stopped, followed 
by passing 1-butene at a rate of 12.5 I/hr. Finally, a toluene slurry solution in which 0.0020 mmol of dimethylsriylene 
(2-methyl-4-phenanthryf-1 ■"indenyl)zirconiym dbhloride and 0.500 mmoE of methylaluminoxane had been contacted at 
room temperature for 1 0 minutes was added to initiate polymerization. After the polymenzation was conducted at O^'G 
25 ^ox 60 minutes at atmospheric pressure, a small amount of isobutyl alcohol was added to terniinate the polymerization. 
Then, 100 ml of an Isobutyl alcohol solution containing 1 ml of a concentrated hydrochloric acid aqueous solution was 
added, followed by heating at 75°C in a nitrogen atmosphere. The polymer solution obtained was introduced into a 
large excess of methanol to precipitate a polymer and then vacuum dried at SO^'C for 12 hours. As a result, 0.25 g of 
a poiymer was obtained. 

30 [0713] Properties of the resulting polar group-contalning oiefin copolymer are set fortti in Table 16. 

[0714] The polar group-containing olefin copolymer was evaluated on the coating properties by the aforesaid method. 
The result is set forth in Table 17. 

Example 27 

35 

[0715] 1-Butsne and a polar group-containing monomer were polymerized m the same manner as in Example 26, 
except that 1,2-epoxy*9-decene represented by the following fommifa was used instead of undecen-1 -ol. 



40 




^ If 2-~epoxy-9-decene 

45 [0716] Properties of the resulting polar group-containing ofefm copolymer are set forth in Table 1 6, 

[0717] The polar group-containing olefin copolymerwas evaluated on the adhesion strength (to PET) by the aforesaid 
method. The result is set forth in Table 17. 

Example 28 

50 

[0718] 1-Butene and a polar group-containing monomer were polymerized m the same manner as in Example 26, 
except that 1 .35 mmol of undecylenic acid represented by the following formula was used instead of undecen-1 -o! and 
1.5 mmol of thisobutylaluminum was used. 

55 
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undecylenic acid 



[0719] Properties of the resulting polar group-containing oiefin copolymer are set forth in Table 16. 

[0720] The polar group-containing olefin copolymer was evaluated on the adhesion strength (to A!) by the aforesaid 

method. The result is set forth in Table 1 7, 

w 

Example 29 



[0721 J 1 -Butene and a polar group-containing monomer were polymerized in the same manner as in Example 26, 
except that (2,7-octadjen-1 -yl)succmic anhydride represented by the following formula was used Instead of undecen- 
15 i^ol. 




[0722] Properties of the resulting polar group-containing oiefin copolymer are set forth In Table 1 6. 
|D723] The polar group-containing olefin copolymer was evaluated on the adhesion strer^gth (to Al) by the aforesaid 
30 rnethod. The result is set forth in Table 1 7. 



35 



40 



45 



50 
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Table 17 





Evaluation items 


Property value \ 


Unit 


Ex, 26 


Cross-cut adhesion test 


100/1 DO 


number of cuts/number of cuts 


Ex. 27 


Acihesion strength 23''C substrate 


broken 






(to PET) SO'^C substrate 


broken 




Ex, 28 


Adhesion strength 23*C 


2.8 


Kgf/15mnn 




{to Al) SO^C 


2.8 


Kgf/15mnn 


Ex. 29 


Adhesion strength 23^C 


3.6 


Kgf/15mm 




(to Al) 80"C 


3.5 


Kgf/I5mm 



Example 30 

[0724] in a 300 ml glass polymenzation reactor thoroughly purged with nitrogen, 40 ml of 1-octene was placed, then 
nitrogen was passed through at a rate of 20 l/hr, and the contents were maintained at 60°C for 10 minutes. Then, 0.6 
mmoi of triisobutylaluminum was added, foHowed by further adding 0.48 mmol of undecen-1-ol represented by the 
following formula. 




undecen-l-oX 



[0725] Then, 1.100 mmol of methylaluminoxane and 40 ml of 1-octene were further added. Finally, a toluene slurry 
solution in which 0.002 mmol of dlmethylsily!ene(2-methyl«4-phenanthryi-1-indenyl)ztrconium dichioride and 0.600 
mmof of methylaluminoxane had been contacted at room temperature for 1 0 minutes was added to initiate polymeri- 
zation. After the polymerizatlor^ was conducted at 20^C for 60 minutes at atmospheric pressure, a small amount of 
isobutyl alcohol was added to terminate the polymerization. Then, 100 ml of an isobutyl alcohol solution containing 1 
ml of a concentrated hydrochloric ac^d aqueous solution was added, followed by heating at 75^C in a nitrogen atmos- 
phere. The polymer solution obtained was Introduced into a large excess of methanol to precipitate a poiymer and then 
vacuum dried at SO'^C for 12 hours. As a result 0.25 g of a polymer was obtained. 
[0726] Properties of the resulting polar group-containing olefin copolymer are set forth in Table 1 8. 
[0727] The polar group-containing olefin copolymer was evaluated on the coating properties by the aforesaid method. 
The result is set forth in Table 19, 

Exa mgle 3 1 

[0728] 1-Octene and a polar group-containing monomer were polymerized in the same manner as in Example 30, 
except that 1 ,2-epoxy-9~decene represerited by the following fonnula was used instead of undeoen-1-oL 



45 




1, 2-epoxy-S-decene 



50 



[0729] Properties of the r^ulting polar group-containing olefin copolymer are set forth in Table 18. 

[0730] The polar grotip-containing olefin copolymer was subjected to an impact resistance test and a tensile test by 

the aforesaid methods. The results are set forth in Table 1 9. 



55 



Example 32 

[0731] 1-Octene and a polar group-containing monomer were polymerized in the same manner as in Example 30, 
except that 1 .35 mmoi of undecylenic acid represented by the following lormuia was used instead of undecen-1 -oi and 
1 .5 mmol of triisobutylaluminum was used. 
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undecylenic acid. 



10 



[0732] Properties of the resulting polar group-containing oiefjn copolynner are set forth in Table 18. 

[0733] The polar group-containing olefin copolymer was subjected to an impact resistance test and a tensile test by 

the aforesaid methods, The results are set forth in Table 1 9. 

E xam pie 33 



15 



[0734] 1-Octene and a polar group-containing monomer were polymerized in the same manner as [n Example 30, 
except that (2,7-octadien-l -yl)succlnic anhydride represented by the following formula was used instead of undecen- 
1-oi. 



0 



2Q 




0 

( 2 , 7-octadien-l-yl } succinic anhydride 

[0735] Properties of the resulting polar group-containing olefin copolymer are set forth in Table 18. 

[0736] The polar group-containing olefin copolymer was subjected to an impact resistance test and a tensile test by 

the aforesaid methods. The results are set forth in Tabie 19. 
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Table 19 





Evaiuation items 


Property value 


Unit Unit 


Ex. 30 


Cross-cut adhesion test 


100/100 


number of cuts/n umber of cuts 


Ex. 31 


iz 


260 


J/m 




Tensile strength 


42 


MPa 




Eiongation at break 


125 


% 


Ex. 32 


IZ 


505 


J/m 




Tensile strength 


35 


MPa 




Elongation at break 


42 


% 


Ex.33 


Adhesion strength (to A!) 


2 


Kgf/15mm 



[0737] In the following Examples 34 to 39, preparation of specimens and measurements of mechanical properties 
were made as follows. 

^0 Preparation of specimen 

[0738] A graft copolymer obtained in the example was molded by a 55-ton injection molding machine (IS55EPN 
manufactured by Toshiba Machine Co., Ltd.) at a cylinder temperature of 200^0 and a mold temperature of 40°C. 
[0739] In the following Examples 34 to 39, measurements of flexurai modulus, Rockwell hardness and pencil hard- 
25 ness, and calculation of (4)/{5) by ^H-NMR were made as follows. 

Flexurai modulus 

[0740] The flexurai modulus was measured using a specimen having a thickness of 1/B inch under the conditions of 
so a span of 51 mm and a flexurai rate of 20 mm/min in accordance with ASTM C790. 

Rockwell hard ness (HR) 

[0741] The Rockwell hardness was measured using a square plate of 2 mm (thickness) x 120 mm (length) x 130 
35 mm (width) in accordance with ASTM D785. 

Pencil hardness 

[0742] The pencil hardness was measured using a specimen having a thickness of 1/8 inch under the conditions of 
40 a temperature of 23°C in accordance with JIS K5401 , 

Calculation of (4)/(5) by iH-MiyiR 

[0743] 

45 

Device: JOEL GFX4D0 type nuclear magnetic resonance device 
Observation nucleus: 
Obseivaiion frequency: 400 MHz 
Pulse width: 45* 
50 Repetition time: 5,0 seconds 

Number of integration times: 8000 
Measuring temperature: 115='C 
Measuring solvent: orthodichlorobenzene 

Measurement: The resulting polymer of 25 to 40 mg was dissolved in orthodichlorobenzene, and NMR was 
55 measured under the above measuring conditions. 
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Example 34 



[0744] In a 1000 mi glass polymerization reactor thoroughly purged with nitrogen, 400 ml of toluene was placedi 
then nitrogen was passed through at a rate of 20 i/hr and the contents were maintained at 90"C for 1 0 minutes. Then^ 
5 2-0 mmol of trilsobutyialumlnum was added, followed by further adding 1 .88 mmol of undecen-1 -ol (having been dried 
over activated alumina and then vacuum distilled) represented by the following formula. 



[0745] Then, 1 .1 00 mmol of methylaluminoxane was further added, and passing of nitrogen was stopped, followed 
by passing ethylene at a rate of 5 I/hr. Finally, a toluene slurry solution m which 0.008 mmol of dimethylsiiylene(2,7-d!me- 
thyl-4,5-(2-niethy^benzo)-i-indenyl)(2,7''di~tert-butylfiuor©nyl)zirconium dichloride and 2.00 mmol of metliylafuminox- 
ane had been contacted at room temperature for 1 0 minutes was added to initiate polymerization. After the poiymer- 
izatton was conducted at QC'C for 1 hour at atmospheric pressure, a small amount of isobutyl alcohol was added to 
terminate the polymerization. Then, 1 00 ml of an isobutyl alcohol solution containing 1 ml of a concentrated hydrochloric 
acid aqueous solution was added, followed by heating at 75°C In a nitrogen atmosphere. The politer solution obtained 
was introduced into a large excess of methanol to precipitate a polymer and then vacuum dried at for 12 hours. 

20 As a result, 12.21 g of a polymer having an ethylene/side chain monomer molar ratio of 99.2/0.8 was obtained. 

[0746] A 1500 mi autoclave equipped with a themnometry tube, a manometer, a stirrer and an alkylene oxide feed 
pipe was charged with 12.0 g of the ethylene/side chain monomer copolymer (ethylene/side chain monomer ™ 99.2/0.8 
by moi), 31.0 mg of tetrakis[tris(dimethylamino)-phosphoranylidene^ino]phosphontum hydroxide ([ 
(Me2N)3P-N]4P-OH-} synthesized m the same manner as descnbed in EP0791 600, p. 32, and 800 g of tetralin. Then , 

25 the contents were heated to 125°0 and allowed to undergo reaction at the same temperature for 12 hours with inter- 
mittentiy feeding 3,1 g of ethylene oxide so as to mamtain the pressure at 0,9 MPa (absolute pressure), Subsequently, 
the unreacted ethylene oxide remaining In the autoclave was distilled off at the same temperature under reduced 
pressure. Then, the contents were cooled to room teniperature and poured Into 800 ml of methanol. The white solid 
precipitated was separated by filtration, and to the solid was further added 20 mf of methanol, followed by heating 

3f> under reflux for 30 minutes. The mixture was subjected to hot filtration, and the resulting solid was dried at 60°C under 
reduced pressure, to obtain 10.1 g of a graft copolymer in which about 13 ethylene oxide umt& were graft polymerized 
based on one hydroxyl group. 

[0747] Properties of the resulting polar group-containing branched olefin copoiymer are set forth in Table 20. 
[0748] Further, anti-fogging properties of a film obtained from the poiar group-contairing branched olefin copolymer 
35 were evaluated by the aforesaid method. The result is set forth in Table 21 . Measurement of the (4)/(5) ratio of the 
polymer by ''H-NMR resulted in 100/0. 



40 [0749] In a 1000 m! glass polymerization reactor thoroughly purged with nitrogen, 400 ml of toluene was placed, 
then nitrogen was passed through at a rate of 20 I/hr and the contents were maintained at 90^C for 10 minutes. Then, 
1 .08 mmol of triisobutylaluminum was added, followed by further adding 0.90 mmol of undecen-1 -ol (having been dried 
over activated alumina and then vacuum distilled). Further, 1 .1 00 mmol of methylalummoxane was added, and passing 
of nitrogen was stopped, followed by passing ethylene at a rate of 100 I/hr, Finally, a toluone slurry solution in which 

45 0.008 mmol of dimethylsilylene(2,7-dimethyl-4,5-(2~methy^-ben20)-1 -indenyj)(2,7-di4ert-butylfluorenyl)7irconium 
dichloride and 2.00 mmol of methylaluminoxane had been contacted at room temperature for 1 0 minutes was added 
to initiate polymerization. After the polymerization was conducted at 90^*0 for 1 hour at atmospheric pressure, a small 
amount of rsobutyl alcohol was added to terminate the polymerization. Then, 100 ml of an isobutyl alcohol solution 
containing 1 ml of a concentrated hydrochloric acid aqueous solution was added, followed by heatmg at IS^'C in a 

50 nitrogen atmosphere. The polymer solution obtained was introduced into a large excess of methanol to precipitate a 
polymer and then vacuum dried at 80°C for 1 2 hours, As a result. 1 4.83 g of a polymer having an ethylene/side chain 
monomer molar ratio of 99.75/0.25 was obtained. 

[0750] Then, polymerization was carried out in the same manner as in Example34, except that 12.0 g of the polymer 
obtained above and 15.1 g of ethylene oxide was used. As a result, 11 .8 g of a graft copolymer In which about 65 
55 ethylene oxide units were graft polymerized based on one hydroxyl group was obtained. 

[0751] Properties of the resulting polar group-containing branched olefin copolymer are set forth in Table 20. 
[0752] Further, anti-foggmg properties of a film obtained from the polar group-containing branched olefin copolymer 
were evaluated by the aforesaid method. The result is set forth in Table 21 . 





10 



Example 35 
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Example 36 

[Q753] The procedu re of Example 34 was repeated, except that 5,0 g of propylene oxide was used instead of ethylene 
oxide. As a result, 10,3 g of a graft copolynner in which about 1 0 propylene oxide units were graft polymerized based 
on one hydroxyl group was obtained. 

[0754] Properties of the resulting polar group-containing branched olefin copolynner are set forth in Table 20. 
[0755] Further anti-fogging properties of a film obtained from the polar group-containing branched olefin copolymer 
were evaluated by the aforesaid method. The result Is set forth in Table 21 . Measuranent of the (4)/(5) ratio of the 
polymer by ^H-NMR resulted in 99/1, 

Example 37 

[0756] Using the ethylene/side chain monomer polymer (ethylene/sidecham monomer^ 99.75/0.25 bymol) prepared 
in Example 35, polymerization was carried out with intermittently feeding 3.1 g of ethylene oxide. As a result, 11.S g 
of a graft copolymer in which about 13 ethylene oxide units were graft polymerized based on one hydroxyl group was 
obtained. 

[0757] Properties of the resulting polar group-containing branched olefin copolymer are set forth in Tab^e 20. 
[0758] Further, anti-fogging properties of a film obtained from the polar group-contalnins branched olefin copolymer 
were evaluated by the aforesaid method. The result is set forth in Table 21. 

Example 58 

[0759] The procedure of Example 34 was repeated, except that 7.75 g of a-hydroxyisopropyl phenyl ketone was 
further charged in addition to the starting materials, the pressure was changed to 0.2 MPa from 0.9 MPa, 5.8 g of 
methyl methacrylate was used instead of ethylene oxide, and tetrahydrofuran was used instead of me^anof. As a 
result, 11 ,3 g of a graft copolymer in which about 20 methyl methacrylate units were graft polymerized based on one 

hydroxy! group was obtained, 

[0760] Properties of the resulting polar group-containing branched olefin copolymer are set forth In Table 20. 
[0761] Further, mechanical properties of the polar group-containrng branched olefin copolymer were evaluated by 
the aforesaid method. The result is set forth in Tabie 21 . 

Example 39 

[0762] in a 2-liter stainless steef (SUS) autoclave thoroughly purged with nitrogen, 105 g of 1-octene. 896 ml of Mitsui 
hexane and 1 .50 mmo! of trllsobutylaluminirm were placed. The SUS autoclave was healed up to 150^C, and 1 .140 

mmo^ of methylaluminoxane was added, followed by further adding 1.350 mmoi of undecen-1-ol (having been dried 
over activated alumina and then vacuum distilled). With l<eeping the temperature at 1 50^C, the atjtoclave was pres- 
surized with ethylene so that the total pressure became 30 kg/cm^-G, Separately, into a 20 ml glass flask thoroughly 
purged with nitrogen, a toluene slurry solution m which 0.00075 mmol of dimethyisliylene(2-methyl-4,5-benzD'1-(nde- 
ny()(2,7-di-tert-butylf1uorenyl)zirconium dichlonde and 0.4300 mmoi of methylaluminoxane had been contacted at room 
temperature for 10 minutes was injected with nitrogen, and 600 Nml of hydrogen was further injected. For the period 
of 10 minutes alter the injection, the temperature in the autoclave was maintained at 160^C and the pressure therein 
vms maintained at that Immedlalely after the injection by pressurizing with ethylene. Then, a small amount of isobutyl 
alcohol was added to terminate the polymerization. The polymer solution obtained was introduced into a large excess 
of methanol to precipitate a polymer and then vacuum dried at 80"C for 12 hours. As a result 8.45 g of a polymer was 
obtamed, 

[0763] Using 8 g of this poiymer, poiymerlzation was carried out with intermittently feeding 3.1 g of ethylene oxide 
similarly to Example 34. As a result, 11.8 g of a graft copolymer in which about 13 ethylene oxide units were graft 
polymerized based on one hydroxyl group was obtained. 

[0764] Properties of the resulting polar group-containing branched olefin copolymer are set forth in Table 20. 
[0765] Further, dispersibllity of the polar group-containing branched olefin copolymer in water was evaluated by the 
aforesaid method. The result is set forth in Table 21 , 
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Table 21 





Evaluation items 


Property value 


Unit 


Ex.34 


Anti-fogging properties (visual observation) 


AA 


- 


Ex. 35 


Anti-fogging properties (visual observation) 


AA 


- 


Ex. 36 


Anti-fogging properties (visual observation) 


AA 


- 


Ex. 37 


Anii-fogging properties (visual observation) 


AA 


- 


Ex. 38 


FM 


2500 


MPa 




RockweTI hardness 


115 






Pencil hardness 


2H 






HDT 


130 


°C 


Ex. 39 


Dispersed particle diameter 


0.4 






Dispersion stability 


not separated 





20 Example 40 

[0766] In a 500 ml glass polymerization reactor thoroughly purged with nftrogen, 400 ml of toluene was placed, then 
nitrogen was passed through at a rate of 20 l/hn and the contents were maintained at 75^C for 10 minutes. Then, 
0.8000 mmol of methylaluminoxane was added, followed by further adding 0.1 000 mmol of undecen-1 -o! (having been 
^5 dried over siiica alumina and then vacuum distilled). Then, passing of nitrogen was stopped, and ethylene was passed 
through at a rate of 1 00 l/hr, 

[0767] Finally, 0.0008 mmol of Isopropylidene(cyclopentadienyi)(2,7-'di4-butymuorenyi)zirconium dichloride was 
added to initiate polymerization. After the polymerization was conducted at 75°Cfor 15 minutes at atmospheric pres- 
sure, a small amount of isobutyl alcohol was added to terminate the polymerization. The polymer solution obtained 
30 was mtroduced into a large excess of methanol to precipitate a polymer and then vacuum dried at 80*'C for 12 hours. 
As a result, 0.90 g of a polymer was obtained. The polymerization activity was 4.5 kg/mrnol-Zr-hr, and the melting point 
of the polymer was 129,0'='C, 

Example 41 

35 

[0768] In a 500 ml glass polymerization reactor thoroughly purged with nitrogen, 400 ml of toluene was placed, then 
nitrogen was passed through at a rate of 20 f/hr, and the contents were maintained at ZS^'C for 10 minutes. Then, 
1.1000 mmol of methylaluminoxane v/as added, followed by further adding 0.15 mmol of undecen-1-o! (having been 
dried over silica alumina andthen vacuum distiHed), Then, passing of nitrogen was stopped, and ethylene was passed 

40 through at a rate of 100 l/hr 

[0769] Finally, a tofuene sfurry solution in which 0.0160 mmol of dipheny!methylene(cydopentadienyl)-(!luorenyl) 
zirconium dichloride and 1 .1000 mmol of methylaluminoxane had been contacted at room temperature for 10 minutes 
was added to Initiate polymerization . After the polymerization was conducted at 75^C for 30 minutes at atmospheric 
pressure, a smail amount of isobutyl alcohol was added to terminate the polymerization. The polymer solution obtained 

43 was introduced into a large excess of methanol to precipitate a polymer and then vacuum dried at 80^C for 12 hours. 
As a result, 6.67 g of a polymer was obtained. The polymerization activity was 0,83 kg/mmoh2r*hr, and [r\] of the polymer 
was 3.82 di/g. 

Example 42 

50 

[0770] In a 500 ml glass polymerization reactor thoroughly purged with nitrogen, 400 ml of toluene was placed, then 
nitrogen was passed through at a rate of 20 l/hr, and the contents were maintained at 75*C for 10 minutes. Then, 
1-1000 mmol of methylaluminoxane was added, followed by further adding 0,20 mmol of undecen-1 -ol (having been 
dried over silica alumina and then vacuum distilled). Then, passing of nitrogen was stopped, and ethylene was passed 
55 through at a rate of 1 00 l/hr Frnally, a tofuene slurry solution in which 0.0160 nnmol of {tert-butylamido)dimethyl-(tetram- 
ethylcyclopentadlenyl)sllanetltaniiim dichlorfde and 1.1000 mmol of methylaluminoxane had been contacted at room 
temperature for 10 minutes was added to initiate polymerization. After the polymerization was conducted at 75^C for 
1 hour at atmospheric pressure, a small amount of isobutyl alcohol was added to terminate the polymerization. The 
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polymer solution obtained was introduced into a large excess of tnethano! to precipitate a polymer and then vacuunn 
dried at 80°C for 12 hours. As a result, 2.54 g of a polymer was obtained. The polymerization activity was 0.03 kg/ 
mmol-Zr»hr [i^] of the polymer was 3,55 dt/g, the melting point thereof was 129°C, and the polar group introduction 
ratio thereof, as measured by ""H-NMR, was 0.25 mol %. 

5 

Example 43 

[07713 In a 500 ml g[ass polymerization reactor thoroughly purged with nitrogen, 400 ml of toluene was placed, then 
nitrogen was passed through at a rate of 20 l/hr and the contents were maintained at ZS'^C for 10 minutes. Then, 
^0 1.1400 mmol of methylaluminoxane was added, followed by further addfng 0.20 mmol of undecen-l-ol (having been 
dried over silica alumina and then vacuum distilled). Then, passing of nitrogen was stopped, and ethylene was passed 
through at a rate of 1 00 l/hr 

[0772| Finally, a toluene slurry solution in which 0.0008 mmol of dimethylsilylene(2-methyM,5-benzo-1-indenyl) 

(2,7-d]-tert-butyifluorenyl)2irconium dichloride and 0.4300 mmol of methylaluminoxane had been contacted at room 
15 temperature for 1 0 minutes was added to initiate polymerization. After the polymerization was conducted at 75°C for 
5 minutes at atmospheric pressure, a small amount of isobutyl alcohol was added to terminate the polymerization. The 
polymer solution obtained was introduced into a large excess of methanol to precipitate a polymer and then vacuum 
dried at &0°C for 12 hours. As a result, 3.23 g of a polymer was obtained. The polymerization activity was 48.45 kg/ 
mmol'Zr-hr, and [r|] of the polymer was 9.37 dl/g. 

20 

Example 44 

[0773] In a 500 ml giass polymerization reactor thoroughly purged with nitrogen, 400 m! of toluene was placed, then 

nitrogen was passed through at a rate of 20 l/hr, and the contents were maintained at 75°C for 10 minutes. Then, 
25 1 .1400 mmol of methylaluminoxane was added, followed by further adding 0.30 mmoi of undecen-1 -ol (having been 
dried over silica alumina and then vacuum distilled). Then, passing of nitrogen was stopped, aind ethylene was passed 
through at a rate of 1 00 l/hr. 

[0774] Finally, a toluene slurry solution in which 0.0016 mmol of dimethylsiiylene(2-methyl-4,5-benzo-1-indenyl) 

(2,7-di-tert-butylfluorenyl)zirconium dichloride and 0.4300 mmol of methylaluminoxane had been contacted at room 
^ temperature for 1 0 minutes was added to initiate polymerization. After the polymerization was conducted at 75''C for 
5 minutes at atmospheric pressure, a small amount of isobutyl alcohol was added to terminate the polymerization. The 
polymer solution obtained was introduced into a large excess of methanol to precipitate a polymer and then vacuum 
dried at 80*C for 12 hours. As a result, 2.46 g of a polymer was obtained. The polymerization activity was 18.45 kg/ 
mmol-Zr-hf, and {r|) of the polymer was 7.89 dl/g. 

S5 

Example 45 

[0775] In a 500 ml glass polymerization reactor thoroughly purged with nitrogen, 400 ml of toluene was placed, then 
nitrogen was passed through at a rate of 20 l/hr, and the contents were maintained at 75^C for 10 minutes. Then, a 
40 toluene solution of 0.480 mmol of triethylaluminum and 0,480 mmol of undecen-1 -ol (having been dried over silica 
alumina and then vacuum distilled) having been pretreated at room temperature for 1 0 minutes was added, followed 
by further adding 1 . 1 400 mmol of methytaluminoxane. Then, passing of nitrogen was stopped, and ethylene was passed 
through at a rate of 1 00 l/hr. 

[077S] Finally^ a toluene slurry solution in which 0.0020 mmol of dimethy^silylene(2-methyl-4,5-benzo-1 -indenyl) 
45 (2,7-di-tert-butylfluorenyl)zirconium dichloride and 0.4300 mmol of methylaluminoxane had been contacted at room 
temperature for 10 minutes was added to initiate polymerization. After the polymenzation was conducted at 75**C for 
2 minutes at atmospheric pressure, a small amount of isobutyl alcohol was added to terminate the polymerization. The 
pofymer solution obtained was introduced into a large excess of methanol to precipitate a polymer and then vacuum 
dried at 80^C for 12 hours. As a result, 3.63 g of a polymer was obtained. The polymerization acUvity was 36,3 kg/ 
50 mmol-Zr-hr, and [i^] of the polymer was 4,97 dl/g. 

Example 46 

[0777] In a 500 ml glass polymerization reactor thoroughly purged with nitrogen, 400 ml of toluene was placed, then 
55 nitrogen was passed tlirough at a rate of 20 l/hr, and the contents were maintained at 75''C for 1 0 minutes. Then , 0,480 
mmol of triisobutylaluminum was added, followed by further adding 0.48 mmol of undecen-1 -oi (having been dried over 
silica alumina and then vacuum distilled). After stirring for 3 minutes, 1 .1400 mmol of methylaluminoxane was added, 
then passing of nitrogen was stopped, and ethylene was passed through at a rate of 100 !/hr 
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[0778] Finally, a toluene slurry solution in which 0.0017 mmol of dimethylsllylene(2-methyl-4,5~benzo-1-indenyl) 
(2,7-dl-tert-butylfluorenyl)zirconiunn dichioride and 0.4300 nnmol of methylalumlnoxane had been contacted at room 
temperature for 1 0 minutes was added to initiate polymerization. After the poiynrierlzatlon was conducted at ZS^'C for 
2,5 minutes at atmospheric pressure, a small amount of isobutyl alcohol was added to terminate the polymerization. 
5 The polymer solution obtained was introduced into a large excess of methanol to precipitate a polymer and then vacuum 
dried at 80" C for 12 hours. As a result, 3.00 g of a polymer was obtained. The pofymeri^ation activity was 42.3 kg/ 
mmoi-Zr-hr 

Example 47 

10 

[0779] In a 500 ml glass polymenzation reactor thoroughly purged with nitrogen, 400 ml of toluene was placed, then 
nitrogen was passed through at a rate of 20 l/hn and the contents were maintained at 75''C for 1 0 minutes. Then, 0.750 
mmol of triisobutylaiuminum was added, foHowed by further adding 0.48 mmol of undecen-1 -aldehyde (having been 
dried over silica alumina and then vacuum distilled). After stirring for 3 minutes, 1 .1400 mmol of methyJaiuminoxane 

15 was added, then passing of nitrogen was stopped, and ethylene was passed through at a rate of 100 l/hr. 

[0780] Finally, a toluene slurry solution in which 0.0017 mmo! of dimethylsi!yiene(2-methyl-4,5-benzo-lHndenyl) 
(2,7-di-tert-buty!fiuorenyr)zirconium dichioride and 0.4300 mmol of methylaluminoxane had been contacted at room 
temperature for 1 0 minutes was added to initiate polymerization. After the polymerization was conducted at 75°Cfor 
2.5 minutes at atmospheric pressure, a small amount of isobutyl alcohol was added to terminate the polymerization. 

^0 The polymer solution obtained was introduced into a large excess of methanol to precipitate a polymer and then vacuum 
dried at 80^C for 12 hours. As a result, 4.50 g of a polymer was obtained. The polymerization activity was 63.5 kg/ 
mmol-Zr-hr. 

E xarnp l e 48 

25 

[0781] in a 500 ml glass polymerization reactor thoroughly purged with nitrogen, 400 ml of toluene was placed, then 
nitrogen was passed through at a rate of 20 l/hr, and the contents were maintained at 76^C for 1 0 minutes. Then, 0.480 
mmo! of triisobutylaiuminum was added, followed by further adding 0.48 mmol of decene-1 -amine (having been dried 
over siHca alumina and then vacuum distilled). After stirring for 3 minutes, 1 .1400 mmol of methylaluminoxane was 

30 added, then passing of nitrogen was stopped, and ethylene was passed through at a rate of 100 l/hr 

[0782] Finally, a toluene slurry solution In which 0.0017 mmol of dtmethyisilylene(2-methyl-4,5-benzo-lHndenyl) 
(2,7-di-tert-butylfluoreny})zirconium dichioride and 0,4300 mmol of methylaluminoxane had been contacted at room 
temperature for 10 minutes was added to initiate polymerization. After the polymerization was conducted at 75°Cfor 
2.5 minutes at atmospheric pressure, a small amount of Isobutyl alcohol was added to terminate the poiymerization. 

35 The polymer solution (Stained was Introduced into a large excess of methanol to precEpitale a polymer and then vacuum 
dried at SO'^C for 12 hours. As a resu^, 0.80 g of a polymer was obtained. The polymerization activity was 11.3 kg/ 
mmol-Zr-hr 

Examples 49, 50, 51 ^ 52, 53, 54, 55, 56, 57 and 58 

40 

[0783] Polar group-contaming olefin copolymers were prepared underthe same conditions as in Example 40, except 
that the types and the amounts of the a-olefin and the polar group-contammg monomer, the type and the amount of 
the trialkylaluminum compound, and the polymerization temperature and the polymerization time were changed as 
shown in Table 22. The results are set forth in Table 22. 

45 
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Comparative Example 3 

[0784] fn a 60Q ml glass poiymerization reactor thoroughly purged with nitrogen. 400 m! of toluene was placed, then 
nitrogen was passed through at a rate of 20 l/hr. and the contents were maintained at 75*^0 for 1 0 minutes. Then, 0.480 

5 mmol of ethylaluminum sesqulchloride was added, foHowed by further adding 0.48 mmo! of decene-1 -amine (having 
been dried over silica alumina and then vacuunn distilled). After stirring for 3 minutes, 1 1 400 mmol of ethylaiuminum 
sesqulchloride was added, then passing of nitrogen was stopped, and ethylene was passed thr oug^i at a rate of 1 00 l/hr. 
[0785] Finally, a toluene slurty solution in which 20.001 7 mmol of VO(OC2H5)Ci and 0 4300 mmol of ethyla^ummum 
sesquichloride had been contacted at room temperature for 1 0 minutes was added to initiate polymerization. After the 

■to polymerizatfon was conducted at 75°C for 2.5 minutes at atmospheric pressure, a small amount of isobutyl alcohol 
was added to term In ate the polymerization. The polymer solution obtained was introduced into a large excess of meth- 
anol to attempt precipitation of a polymer, however, any polymer was not obtained. 

Example 59 

15 

[0786] In a 2-liter stainless steel (SUS) autoclave thoroughly purged with nitrogen, 120 g of 1-butene, 880 ml of Mitsui 
hexane and 1 .50 mmol of trilsobutylaluminum were placed. The SUS autoclave was heated up to 150^C, and 1 .140 
mmol of methylaiuminoxane was added, followed by further adding 1 .350 mmo! of undecen-1 -ol (having been dried 
over activated alumina and then vacuum distilled) represented by the following formula. With keeping the temperature 
20 at 1 50*=*C, the autoclave was pressurized with ethylene so that the total pressure became 2.9 MPa-G (30 kg/cm^-G). 



undecen-l-ol 



25 



30 



[07871 Separately into a 20 ml glass fiask thoroughly purged with nitrogen, a toluene slurry solution in which 0.00075 
mmol of dimethylsny!ene(2"methyl-4,5-benzo-1-indenyl)(27-di-tert-butylfluorenyl)zirconium dichloride and 0.4300 
mmol of methylaluminoxane had been contacted at room temperature for 1 0 minutes was injected with nitrogen, and 
600 Nml of hydrogen was further injected. For the period of 10 minutes after the injection, the temperature in the 
autoclave was mamtained at 1 50°C and the pressure therein was maintained at that immediately after the injection by 
pressurizing with ethyfene. Then, a small amount of isobutyi alcohol was added to terminate the polymerization. The 
polymer solution obtained was Introduced into a large excess of methanol to precipitate a polymer and then vacuum 
drjed at BO'^C for 12 hours. As a result, 10.40 g of a polymer was obtained. The polymerization activity was 83 kg/ 
mmol'Zr-hr 

3s [0788] Properties of the resulting polar group-containing olefm copolymer are set forth m Table 23, 

Example 60 

[0789J Ethylene, 1 -butene and a polar group-contaming monomer were polymerized m the same manner as in Ex- 
^0 ample 59, except that undecylenic acid represented by the following formula was used instead of undecen-1 -ol. 




OH 



undecylenic acid 

[0790] Properties of the resulting polar group-containing olefin copofymer are set forth in Table 23. 
50 Example 61 

[0791 J Ethylene, 1 -butene and a poiar group-containing monomer were polymerized in the same manner as in Ex- 
ample 59 , except that 1 ,2'epoxy-9-decene represented by the following formula was used instead of undecen-1 -ol and 
550 Nml of hydrogen was used. 
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10 



15 



20 



1 ^ 2-epoxy-9"decene 

[0792] Properties of the resulting polar group-containing olefin copolymer are set forth in Table 23. 
Example 62 

[0793] Ethylene, 1 -butene and a polar group containing monomer were polymerized in the same nnanner as m Ex- 
ample 69, except that (2,7-octadien"1-yl)succinic anhydride represented by the following formula was used instead of 
iindscGn-1-ol and 550 Nmf of hydrogen was used. 




25 



35 



40 



43 



50 



(2f 7-octadien'-l-yl) succinic anhydride 

[0794] Properties of the resulting polar group-containing olefin copolymer are set forth in Table 23. 
Example 63 

[0795] Ethylene, propylene and a polar group-containing monomer were polymerized in the same manner as in 
Example 62, except that propylene was injected at an initial partial pressure of 3 kg/cm^ instead of 1 -butene, hydrogen 
was not added, and the polymerization was conducted at a poiymerlzation temperature of SCC. 
[0796] Properties of the resulting polar group-containing olefin copolymer are set forth In Table 23. 
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Clatms 

1 . A polar group-containing olefin copolymer comprising a constituent unit represented by the following formula (1 }, 

a constituent unit represented by the following formuia (2) and a constituent unit represented by the following 
fornnula (3), having a molecular weight distribution (Mw/Mn) of not more than 3, and having an intensity ratio of 
Tap to Taa+Tap (Tap/(Tcca-fTap)), as detennlned from a ^^^C-NMR spectrum of said copolymer, of not more than 

1.0: 

— CHa^CH — CHo— CH — — CHo— CH — 

li K h 

{R^)r— (X)p 

... (1) - < . (2) , . . (3) 



wherein R1 and may be the same or different and are each a hydrogen atom or a straight-chain or branched 

aliphatic hydrocarbon group of 1 to 18 carbon atoms; is a hydrocarbon group; R"^ is a hetero atom or a group 
20 containing a hetero atom; r is 0 or 1 ; X is a polar group selected from an alcoholic hydroxyl group, a phenolic 

hydroxyl group, a carboxylic acid group, a carboxyllc acid ester group, an acid anhydride group, an amino group, 
an amide group, an epoxy group and a mercapto group; p is an integer of 1 to 3; and when p is 2 or 3, each X may 
be the same or different, and in this case, if r is 0, X may be bonded to the same or different atom of R3. and if r 
is 1 , X may be bonded to the same or different atom of R^. 

25 

2, The polar group-contafning olefin copolymer as claimed in claim 1 , wherein in the constituent unit represented 
by the formula (3) is a hydrocarbon group of 11 or more carbon atoms. 

3. The polar group-conlaining olefin copolymer as claimed m claims 1 or 2, wherein X in the constituent unit repre- 
30 sented by the formula (3) Is a polar group selected from a phenolic hydroxyl group, a carboxyllc acid ester group, 

an acid anhydride group, an amino group, an amide group, an epoxy group and a mercapto group. 

4, The polar group-containing olefin copol^er as claimed in ctalms 1 to 3, wherein R"* In the constituent unit repre- 
sented by the formula (1) and In the constituent unit represented by the formula (2} an^ each a hydrocarbon 

35 group of 2 or more carbon atoms and the crystaMinity of said copolymer, as detemnined by X-ray diffractometry, is 

not less than 10 %. 

5. The polar group-containing oteftn copolymer as claimed in claims i to 3, wherein R^ in the constituent unit repre- 
sented by the formula (1) and R^ in the constituent unit represented fay the formula (2) are each a hydrocarbon 

^ group of 2 or more carbon atoms and the cp/sta)linity of said copolymer, as detormined by X-ray diffractometry, is 

less than 1 0 %. 

6- A branched type polar group-containing olefin copolymer comprising a constituent unit represented by the following 

fonnula (1) and a constityent unit represented by the following formula (4), and optionally a constituent unit rep- 
45 resented by the following fomiula (5). havmg a molecular weight distribution (Mw/Mn) of not more than 3, and 

having an intensity ratio of Taj3 to Taa+Tap (Tap/CToca+Tap)), as determined from a ^^C-NMR spectrum of said 
copolymer, of not more than 1 .0: 

so — CH2-~CH — — OHz—CH — CH^— CH — 

I I I 
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wherein R"" is a hydrogen atom or a straight-chain or branched aliphatic hydrocarbon group of 1 to 18 carbon 
atonns; is a hydrocarbon group; is a hetero atom or a group containing a hetero atom; r is 0 or 1 ; Z is a 
pofymer segment obtained by any one of anronic polymerization, ring-opening polymerization and polycondensa- 
tion; W is a hydroxy! group or an epoxy group; p is an integer of 1 to 3, q Is 0, 1 or 2, and p+q < 3; when p is 2 or 
3, each -O-Z may be the same or different, and in this case, if r rs 0, -O-Z may be bonded to the same or different 
atom of R^, and rf r is 1 , -O-Z may be bonded lo the same or different atom of R^; when q is 2, each W may be 
the same or different, and in this case, if r is 0, W may be bonded to the same or different atom of R^, and if r is 
1 , W may be bonded to the same or different atom of R^; in case of p>1 and ^>^, if r is 0, W and -O-Z may be 
bonded to the same or different atom of R^, and if r is 1 , W and -O-Z may be bonded to the same or difterent atom 
of R^; m is 0 or 1 ; n Is an integer of 1 to 3; and when n is 2 or 3, each W may be the same or different, and in this 
case, If m is 0, W may be bonded to the same or different atom of R^, and if m is 1 , W may be bonded to the same 
or different atom of R"^. 



7. The branched type polar group-containing olefin copolymer as claimed in claim 6, wherein, in the formula (4), r is 
0 and Z is a polymer segment obtained by anionic poiymerization. 

8, The branched type polar group-containing olefin copolymer as claimed in claim 6, wherein, in the formula (4), Z 
Is a polymer segment obtained by ring-opening polymerization or polycondensatlon. 



9. A polar group-containing olefin copolymer comprising a constituent unit represented by the following formula (1) 
and a constituer^t unit represented by the following formula (6) and, optionally a constituent ur^rt represented by 
the followmg formula (3). having a molecular weight distribution (MwyMn) of not more than 3, and having an intensity 
ratio of Tap to Taa-fTaji {Ta^/(Taa+-Tap)), as determined from a ""^C-NMR spectrum of said copolymer, of not 
more than 1 .0: 



30 




wherein R'* is a hydrogen atom or a straight-chain or branched aliphatic hydrocarbon group of 1 to 18 carbon 
atoms; R^ Is a hydrocarbon group; R'* is a helero atom or a group containing a hetero atom; R'' is a direct bond 
or an aliphatic hydrocarbon group of 1 or more carbon atoms; R^ is a hydrogen atom, a direct bond or an aliphatic 
hydrocarbon group of 1 or more carbon atoms; Y Is a polar group containing O and/or N; m and n are each an 
integer of 0 to 2, and m+n is not 0; s Is 0 or 1 ; r is 0 or 1 ; X is a polar group selected from an alcoholic hydroxy! 
group, a phenolic hydroxy! group, a carboxyiic acid group, a carboxylic acid ester group, an acid anhydride group, 
an amino group, an amide group, an epoxy group and a mercapto group; p is an integer of 1 to 3; when p is 2 or 
3, each X may be the same or different, and in this case, if r is 0, X may be bonded to the same or different atom 
of and if r Is 1 , X may be bonded to the same or different atom of R*. 



10- A process for preparing a polar group containing olefin copolymer, comprising copolymerizing at least one a-oiefin 
selected from cc-olefins of 2 to 20 carbon atoms and at least one polar group-containing monomer selected from 
a polar group-containing monomer represented by the following f omiula (7) and a polar group-containing monomer 
represented by the following formula (8) In the presence of a catalyst comprising: 

(A) a compound of a transition metai selected from Group 3 (Including lanthanoid and actinoid) to Group 10 
of the periodic table, and 

(B) at least one compound selected from: 

(B-1} an organoaluminum oxy-compound, 

(B"2) a compound which reacts with the compound (A) to form an ion pair, and 
(B-3) an organoaluminum compound; 
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CH2=CH 

(R'*)r— (X)p 

... {7) 

wherein is a hydrocarbon group; R"*- is a hetero atom or a group containing a hetero atonn; r is 0 or 1 ; X is 
a pofar group selected from an alcoholic hydroxy! group, a phenolic hydroxy! group, a carboxyiic acid group, 
a carboxyiic acid ester group, an acid anhydride group, an amino group, an amide group, an epoxy group and 
a mercapto group; p is an integer of 1 to 3; when p is 2 or 3, each X may be the same or different, and in this 
case, if r is 0, X may be bonded to the same or different atom of R^, and If r is 1 , X may be bonded to the same 
or different atom of R*^; 



20 




wherein R"^ is a direct bond or an aliphatic hydrocarbon group of 1 or more carbon atoms; R^ is a hydrogen 
25 atom, a direct bond or an aliphatic hydrocarbon group of 1 or more carbon atoms; Y is a polar group containing 

O and/or N; m and n are each an integer of 0 to 2, and m+n is not 0; and s is 0 or 1 . 

11 . The process for preparing a polar group-contaming olefin copolymer as claimed In claim 1 0, wherein the transition 
metal compound (A) is represented by any one of the folJowing formulas (11), (12), (13), (14), (15) and {16} and 
30 the polar group-containing monomer is a polar group-containing monomer of the formula (7) wherein X is -OH; 



35 



40 




... (11) 

wherein M"" is a transition metal atom of Group 4 of the periodic table; R^s^ R26 r27 ^ncj r2S p^^y be the same or 
45 different and are each a hydrogen atom, a nitrogen-containing group, a phosphorus-containing group, a hydrocar- 

bon group of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygen-con- 
taining group, a sulfur-containing group, a silicon-containing group or a halogen atom; of the groups indicated by 
R26^ R27 and R^s, a part of the groups neighboring with each other may be bonded to form a ring together 
With carbon atoms to which those groups are bonded; and may be the same or different and are each a 
5£? hydrocarbon group of 1 to 20 carbon atoms, a haiogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygen- 

containing group, a sulfur-contaming groups a sillcon-contaming group, a hydrogen atom or a halogen atom; and 
Y"" is a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent haiogenated hydrocarbon group of 1 to 20 
carbon atoms, a divalentsilicon^containing group, a divalent germanium-containing group, a divaienttm-containing 
group, -O-, ^C0^ -S-. -SO^ -SO^-. -Ge-, -Sn-, -NR^^-, -P(R2^)-, -P(0)(R2f)-^ -BR^'- or-AIR^i- (each R2i may be 
55 the same or different and is a hydrocarbon group of 1 to 20 cartoon atoms, a haiogenated hydrocarbon group of 1 

to 20 carbon atoms, a hydrogen atom, a halogen atom or a nitrogen compound residue In which one or two hy- 
drocarbon groups of 1 to 20 carbon atoms are bonded to the nitrogen atom); 
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. . . (12) 

wherein M'' is a transition metal atom selected from Group 4 of the periodic table; Cp is a cyclopentadienyl group 
or its derivative that is 7i*bonded to M"'; Z"* Is a ligand containing an oxygen atom^ a sulfur atom^ a boron atom or 
an element of Group 14 of tho periodic table; is a ligand containing an atonn selected fronn a nitrogen atom, a 
phosphorus atom, an oxygen atom and a sulfur atom; and each X'^ may be the same or different and Is a hydrogen 
atom, a halogen atom, a hydrocarbon group which has 20 or l9ss carbon atoms and may contain 1 or more double 
bonds, a silyl group containing 20 or less silicon atoms, a gemiyl group containing 20 or less germanium atoms 
or a boronyl group containing 20 or less boron atoms; 




30 wherein is a transition metal atom selected from Group 4 of the periodic table; R^"* to R"""-, R"*"^ to R^o, and R^-i 

may be the same or different and are each a hydrocarbon group of 1 to 40 carbon atoms, a halogenated hydro- 
carbon group of 1 to 40 carbon atoms, an oxygen-containing group, a sulfur-containing group, a silicon-containing 
group, a halogen atom or a hydrogen atom; of the groups Indicated by R^^^ R'^2, R13, R14^ ri7^ r^^^ ri9 rsio and 
R'^^ a part of the groups neighboring with each other may be bonded to form a ring together with carbon atoms 

55 to which those groups are bonded (except a case where all of R'*^ R^^^ ps''^, R^^, R"^'^, Rt®, R^^, R20 and R*^ are 

hydrogen atoms and a case where R^^ p^ia jg ^ tert-butyl group and the residual R"""", R^^^ r13 r14 rit^ r18^ 
R19^ R20 and R'*'' are hydrogen atoms); X"" and may be the same or different and are each a hydrocarbon group 
of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group, 
a sulfur-containing group, a silicon-containing group, a hydrogen atom or a halogen atom; and Y"" is a divalent 

40 hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon group of 1 to 20 carbon atoms, 

a divalent Simeon-containing group, a divalent germanium-containing group, a divalent tin-containing group, -0-, 
-CO-, -S-, --SO^ "SOg", -Ge-, -Sn-, -NR^^-, -P(R2^)-, -P(0)(R21)-, -BR21^ or ^AIR^i- (each R2i may be the same or 
different and is a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 20 carbon 
atoms, a hydrogen atom, a halogen atom or a nitrogen compound residue in which one ortwo hydrocarbon groups 

45 of 1 to 20 carbon atoms are bonded to the nitrogen atom); 
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(14) 



wherein M"* is a trartsmon metal atom selected from Group 4 of the periodic table; R"^^ R^^, R^"* and R42 may be 
the same or different and are each a hydrocarbon group of 1 to 40 carbon atoms, a hafogenated hydrocajioon 
group of 1 to 40 carbon atoms, an oxygen-containing group, a sulfur-containing group, a sllrcon-containing group, 
a halogen atom or a hydrogen atom; of the groups indicated by R'^"^ , f^41 g^id R'*^^ a part of the groups neigh- 
boring with each other may be bonded to form a ring together with carbon atoms to which those groups are bonded; 
X'' and may be the same or different and are each a hydrocarbon group of 1 to 20 carbon atoms, a halogenated 
hydrocarbon group of 1 to 20 carbon atoms, an oxygen^containing group, a sulfur-containing group, a silicon- 
containing group, a hydrogen atom or a halogen atom; and Y"^ is a divalent hydrocarbon group of 1 to 20 carbon 
atoms (when all of Rii, R12^ r41 and R42 are hydrogen atoms, is not ethylene), a divalent halogenated hydro- 
cait)on group of 1 to 20 carbon atoms, a divalent sllicon-contatning group, a divalent germanium-containing group, 
a divalent tin-containing group, -0-, -CO-, -S-, ^SO^-SOg-, -Ge-, -Sn-, -NR^t-, -P(r21).^ -P(0)(R2^)-, -BR^i-or - 
AIR^''- (each R21 may be the same or different and is a hydrocarbon group of 1 to 20 carbon atoms, a halogenated 
hydrocarbon group of 1 to 20 carbon atoms, a hydrogen atom, a halogen atom or a nitrogen compound residue 
in which one or two hydrocarbon groups of 1 to 20 carbon atoms are bonded to the nitrogen atom); 



35 



40 




« * » { !L 5 } 

wherein W is a transition metal atom selected from Group 4 of the periodic table; R^^ and may be the same 
or different and are each a hydrocarbon group of 1 to 40 carbon atoms, a halogenated hydrocarbon group of 1 to 
40 carbon atoms, an oxygen-containing group, a sulfur-containing group, a silicon-containing group, a halogen 
atom or a hydrogen atom; of the groups indicated by R^1 and R'^s^ a part of the groups neighboring with each other 
may be bonded to form a ring together with carbon atoms to which those groups are bonded; X"" and may be 
the same or different and are each a hydrocarbon group of 1 to 20 carbon atoms, a habgenated hydrocarbon 
group of 1 to 20 carbon atoms, an oxygen-containing group, a sulfur-containing group, a silicon-containing group, 
a hydrogen atom or a halogen atom; and Y^ is a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent 
halogenated hydrocarbon group of 1 to 20 carbon atoms, a divalent silicon-containing group, a divalent germanium- 
containing group, a divalent tin-containing group, -CO-. -S-, -SO-, -SO2-, -Ge-, -Sn-. -NR21-, -P(B21). .p^o) 
(R^"")-, -BR21- or -AIR2">^ (each R^^ may be the same or different and is a hydrocarbon group of 1 to 20 carbon 
atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, a hydrogen atom, a halogen atom or a nitrogen 
compound residue in which one or two hydrocarbon groups of 1 to 20 carbon atoms are bonded to the nitrogen 
atom); 
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wherein M"' is a transition metal atom selected from Group 4 of tine pGrtodlc table; R"'^ R12_ r15 pfio ^^^1 R"^^ 
nnay be the same or different and are each a hydrocarbon group of 1 to 40 carbon atoms, a halogenated hydro- 
carbon group of 1 to 40 carbon atoms, an oxygen-containing groiip, a sulfur-containing group, a silicon-containing 
group, a habgen atom or a hydrogen atom; of the groups indicated by R"*^ , R12, R15^ p^^^ pi? pie r19^ and 
R'^^, a part of the groups neighboring with each other may be bonded to form a ring together with carbon atoms 
to which those groups are bonded; X'^ and may be the same or different and are each a hydrocarbon group of 
1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group, a 
sulfur-containing group, a siiicon-contaming group, a hydrogen atom or a halogen atom; and V is a divalent hy- 
drocarbon group of 1 to 20 carbon atoms (when ail of R"""", R''2, r15^ ri6^ p^M ris^ r19_ p^20 ^^^j r42 a^e hydrogen 
atoms, y is not ethylene), a divalent halogenated hydrocarbon group of 1 to 20 carbon atoms, a divatent siiicon- 
containing group, a divalent germanium-containing group, a divalent tm-containing group, »0-, -CO-, -S-, -SO-, 
-SO2-, -Ge«. -Sn-, -NR21-, -P(R21)-, _p(o)(R2i).^ -BR^t-or -AIR^i- (each R21 may be the same or different and Is 
a hydrocarbon group of 1 to 20 carbofi atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, a 
hydrogen atom, a halogen atom or a nitrogen compound residue in which one or two hydrocarbon groups of 1 to 
20 carbon atoms are bonded to the nitrogen atom), 

12. The process for preparing a polar group-containing olefin copolymer as claimed in claim 1 0, wherein the transition 

metal compound (A) is represented by any one of the following formulas (11), (12), (13), (14), (15) and (16) and 
the polar group-containing monomer Is a polar group-containing monomer of the formula (7) wherein X is -NR'R'' 
(R* and R" may be the same or different and are each a hydrogen atom or an alky! group); 



wherein \s a transition metal atom of Group 4 of the periodic table; R25, r26^ ^^27 pas niay be the same or 
different and are each a hydrogen atom, a nitrogen-containing group, a phosphorus-contamrng group, a hydrocar- 
bon group of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygen-con- 
tainmg group, a sutfur-containing group, a silicon-containing group or a halogen atom; of the groups indicated by 
R^^, R26^ r27 r2S^ a part of the groups neighboring with each other may be bonded to form a ring together 
with carbon atoms to which those groups are bonded; X' and nnay be the same or different and are each a 
hydrocarbon group of 1 to 20 catiDon atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygen- 
contalntng group, a sulfur-containing group, a sificon-containing group, a hydrogen atom or a halogen atom; and 
Y"^ is a divalent hydrocarbon group of 1 to 20 cart)on atoms, a divalent halogenated hydrocarbon group of 1 to 20 
carbon atoms, a divalents}licon-containing group, a divalent germanium-containing group, a divalent tin-containing 
group, -0-, -CO-, -S-. -SO-, -SO2-, -Qe-, -Sn-, -NR21-., ^P(R2i).^ .p(o)(R2i)-, -BR^i- or -AIR^t- (each R21 may be 
the same or different and is a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 
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to 20 carbon atoms, a hydrogen atom, a halogen atom or a nitrogen compound residue in which one or two hy- 
drocarbon groups of 1 to 20 carbon atoms are bonded to the nitrogen atom); 

2'- -Y' 



/ / 

Cp' Ml,^ 



(12) 




wherein M"" is a transition metal atom selected from Group 4 of the periodic table; Cp is a cyclopentadienyl group 
or its derivative that is 7i-bonded to M"'; Z'' is a ligand containing an oxygen atom, a sulfur atom, a boron atom or 
an element of Group 14 of the periodic table; V Is a ligand containing an atom selected from a nitrogen atom, a 
phosphorus atom, an oxygen atom and a sulfur atom; and each may be the same or different and is a hydrogen 
atonn, a halogen atom, a hydrocarbon group which has 20 or less carbon atoms and may contain 1 or more double 
bonds, a silyl group containing 20 or less silicon atoms, a germyl group containing 20 or less germanium atoms 
or a boronyl group containing 20 or less boron atoms: 

20 



25 



30 

pis 

• . . (13) 

wherein is a transition metal atom selected from Group 4 of the periodic table; R"'"' to R'^'^, R''^ to H^^, and R"'-"' 
35 may be the same or different and are each a hydrocarbon group of 1 to 40 carbon atoms, a halogenated tiydro- 

carbon group of 1 to 40 carbon atoms, an oxygen-containing group, a sulfur-containing group, a silicon-containing 
group, a halogen atom or a hydrogen atom; of the groups indicated by R"^"", R"'^ r13^ pji^^ pji7^ ris^ r19 p20 ^^^^ 
R^"^, a part of the groups neighboring with each other may be bonded to fonn a ring together with carbon atoms 
to which those groups are bonded (except a case where ail of R'^\ R'^^^ r13^ f|14 pi7 p^is^ r^o and R^^ are 
40 hydrogen atoms and a case where R"'^ or R''^ is a tert-butyl group and the residual R^^ R^^^ R13 r14 r17^ pi8^ 

Ri9 R20 and R^i are hydrogen atoms); and X^ may be the same or different and are each a hydrocarbon group 
of 1 to 20 carbon atoms, a haiogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygen-contaming group, 
a sutfur-containing group, a silicon -containing group, a hydroger^ atom or a halogen atom; and Y'' is a divalent 
hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon group of 1 to 20 carbon atoms, 
45 a divalent silicon-containing group, a divalent germanium-containing group, a divalent tin-containing group, -O-, 

-CO^. .3., »so^. ^SO^-, -Ge-. -Sn-, -NR21-, .p(R2i)_ ..p(0)(R2i).^ -BR21_ or -AIR21^ (each R^i may be the same or 
different and is a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 20 carbon 
atoms, a hydrogen atom, a halogen atom or a nitrogen compound residue in which one or two hydrocarbon groups 
of 1 to 20 carbon atoms are bof^ded to the nitrogen atom); 

50 
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15 



20 



25 



wherein is a transition metal atom seiected from Group 4 of the periodic table; R^^ R^^, R*^^ and R'*^ may be 
the same or different and are each a hydrocarbon group of 1 to 40 carbon atoms, a halogenated hydrocarbon 
group of 1 to 40 carbon atoms, an oxygen -containing group, a sulfur-containing group, a silicon-containing group, 
a halogen atom or a hydrogen atom; of the groups indicated by R"^^ R^^, R^"! and R^^, a part of the groups neigh- 
boring with each other may be bonded to form a ring together with carbon atoms to which those groups are bonded; 

and X2 may be the same or difterent and are each a hydrocarbon group of 1 to 20 carbon atoms, a halogenated 
hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group, a sulfur-containing group, a silicon- 
containing group, a hydrogen atom or a halogen atom; and Y"^ is a divalent hydrocarbon group of 1 to 20 carbon 
atoms (when all of R'^^ R'^^^ p4i ^nd R^s are iiydrogen atoms, is not ethylene), a divalent halogenated hydro- 
carbon group of 1 to 20 carbon atoms, a divalent silicon-containing group, a divalent germanium-containing group, 
a divalent tin-containing group, -CO-, -S-, -SO-rSO^-, -Ge-, -Sn-, ^NR^"^-., "P(R21)-, -P(0)(R21)-^ -BR^f-or - 
AIR21. (each R21 may be the same or different and is a hydrocarbon group of 1 to 20 carbon atoms, a halogenated 
hydrocarbon group of 1 to 20 carbon atoms, a hydrogen atom, a ha!ogen atom or a nitrogen compound residue 
in which one or two hydrocartion groups of 1 to 20 carbon atoms are bonded to the nitrogen atom); 



30 



35 




40 



wherein M"" is a transition metal atom selected from Group 4 of the periodic table; H"^^ and ^p^oy xh& same 
or different and are each a hydrocarbon group of 1 to 40 carbon atoms, a halogenated hydrocarbon group of 1 to 
40 carbon atoms, an oxygen-containing group, a sulfur-containing group, a sNicon-contalning group, a halogen 
atom or a hydrogen atom; of the groups indicated by R^i and R'^^ ^ p^^^ of the groups neighboring with each other 
may be bonded to form a ring together with carbon atoms to which tinose groups are bonded; X"" and may be 
the same or different and are each a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon 
group of 1 to 20 carbon atoms, an oxygen-containing group, a sulfur-containing group, a silicon-containing group, 
a hydrogen atom or a halogen atom; and Y"' rs a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent 
halogenated hydrocarbon group of 1 to 20 carbon atoms, a divalent silicon-contaming group, a divalent germanium- 
containing group, a divalent tin-containing group, -0-, -CO-, «SO-, -SOg-, -Ge-, -Sn-, -NR^^-, -P(r21)„ „ppj 
(R21)^, -BR2^- or -AIR^""- (each R^^"" may be the same or different and is a hydrocarbon group of 1 to 20 carbon 
atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, a hydrogen atom, a halogen atom or a nitrogen 
compound residue in which one or two hydrocarbon groups of 1 to 20 carbon atoms are bonded to the nitrogen 
atom); 
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wherein M"^ is a transition metai atom selected from Group 4 of the periodic table; R"^'^, R"^^^ f^is r20^ apcl R^^ 
may be the same or different and are each a hydrocarbon group of 1 to 40 carbon atoms, a halogenated hydro- 
carbon group of 1 to 40 carbon atoms, an oxyger^-containlng group, a sulfur-containing group, a sN icon-containing 
group, a halogen atom or a hydrogen atom; of the groups indicated by R'^"', R12, r15^ r16^ pi7_ ris pji9 rso and 
R^2, a part of the groups neighboring with each other may be bonded to form a ring together with carbon atoms 
to which those groups are bonded; X'^ and may be the same or different and are each a hydrocarbon group of 
1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group, a 
sulfur-containing group, a silicon-containing group, a hydrogen atom or a hafogen atom; and Y"* is a divalent liy- 
drocarbon group of 1 to 20 carbor> atoms (when all of R'^'', W^, R^^^ pis pi7 ri8^ fi^w^ p20 gnfj R4a are hydrogen 
atoms, is not ethylene), a divalent halogenated hydrocarbon group of 1 to 20 carbon atoms, a divalent silicon- 
containing group, a divalent germanium-containing group, a divalent tin-containing group, -0-, ~C0~, -S-, -SO-, 
-SO2-, -Ge-. -Sn^, ^NR21-, -PCR^I)-, -P(0)(R2^)-, -BR2-<-or -AIR^^- (each R21 may be the same or different and is 
a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, a 
hydrogen atom, a halogen atom or a nitrogen compound residue in which one or two hydrocarbon groups of 1 to 
20 carbon atoms are bonded to the nitrogen atom). 

13. A process tor preparing a polar group-containing olefin copolymer, comprising copolymerizing at least one a-olefin 
selected from a-oleflns of 2 to 20 carbon atoms and at least one polar group-containing monomer selected from 
a polar gnsup-containing monomer represented by the following formula (7), a poiar group-containing monomer 
represented by the fo^owing formula (S) and a macromononner represented by the following formula (9) In the 

presence of a catalyst comprising; 



40 



(A) a compound of a transition metai selected from Group 3 (including lanthanoid and actlnoid) to Group 10 
of the periodic table, and 

(B) at least one compound selected from: 

(B-1) an organcaluminum oxy-compound, 

(B-2) a compound which reacts with the compound (A) to form an ion pair, and 
(B-3) an organoaluminum compound; 



45 



50 



CH2-CH 



. (7) 



55 



wherein R^ Is a hydrocarbon group; Is a hetero atom or a group containing a hetero atom; r is 0 or 1 ; X Is -OR, 
-COOR, -C RO, -C(0)NR2, -0(0)R (R is a hydrogen atom or a hydrocarbon group), an epoxy group, -C^N or-NR'R" 
(R' and R" may be the same or different and are each a hydrogen atom or an alkyi group); p is an integer of 1 to 
3; and when p is 2 or 3, each X may be the same or different; and in this case, if r is 0, X may be bonded to the 
same or different atom of R^, and if r is 1 , X may be bonded to tlie same or different atom of R*; 
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. * . (8) 

wherein is a direct bond or an aliphatic hydrocarbon group of 1 or moro carbon atoms; is a hydrogen atom, 
a direct bond or an aliphatic hydrocarbon group of 1 or more carbon atoms; Y is -OR^ -COOR, CRO, -C(0)NR2> 
-C(0)R (R is a hydrogen atom or a hydrocarbon group), an epoxy group, -C^N or -NR'R" (R' and R" may be the 
same or different and are each a hydrogen atom or an all<yl group); m and n are each an integer of 0 to 2, and 
m-f-n is not 0: and s is 0 or 1 ; 



CH2=rCH 

1 

20 r5 

{W)^-+R^),-fO~Z)p 

- . . (9) 

25 

Wherein R5 is a hydrocarbon group; R^ is a hetero atom or a group containing a hetero atom; r is 0 or 1 ; Z is a 
polymer segment obtained by any one of anionic pofymerization, ring-opening polymerization and polycondensa- 
tion; W is a hydroxy! group or an epoxy group; p is an integer of 1 to 3, q is 0, 1 or 2, and p+q < 3: when p is 2 or 
3, each -0-Z may be the same or different, and in this case, If r is 0, -O-Z may be bonded to the same or different 
30 atom of R5, and If r is 1 , -O-Z may be bonded to the same or different atom of R^; when q is 2, each W may be 

the same or different, and in this case, if r is 0, W may be bonded to the same or different atom of R^^ and if r Is 
1 , W may be bonded to the same or different atom of R^; and m case of p>l and q>l Jf r is 0, W and -0-2 may 
be each bonded to the same or different atom ot RS, and If r is 1 , W and -O-Z may be each bonded to the same 
or different atom of R^. 

35 

14, A process for preparing a branched type polar group-containing olefin copolymer, comprising copolymerizing at 
least one a-olefin selected from a-olefins of 2 to 20 carbon atoms, a polar group-containing monomer represented 
by the following formula (1 0), and optionally, a polar group-containing monomer represented by the following for- 
mula (8) in the presence of a catalyst comprising: 

40 

(A) a compound of a transition metal selected from Group 3 {including lanthanold and actlnoid) to Group 10 
of the periodic table, and 

(B) at least one compound selected from: 



{B-1) an organoalLminum oxy-compound, 

(B-2) a compound which reacts with the compound (A) to form an ion parr, and 
(B-3) an organ oaiuminum compound, 

and then conducting any one of the following steps (i) and (ii): 

50 

CH2=CH 

I, 

55 I 

(R^)„,""(W)n , . . (10) 
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wherem is a hydrocarbon group; is a hetero atom or a group containing a hetero atom; m is 0 or 1 ; W is a 
hydroxyl group or an epoxy group: n is an integer of 1 to 3; and when n is 2 or 3, each W may be the same or 
ditterGnt, and in this case, if m is 0, W may be bonded to the same or different atom of R^, and if m is 1 , W may 
be bonded to the same or different atom of R^; 

5 



10 




... (8) 

15 

wherein R"^ is a direct bond or an aliphatic hydrocarbon group of 1 or more carbon atoms; R^ is a hydrogen atom, 
a direct bond or an aliphatic hydrocarbon group of 1 or more carbon atoms; Y is -OR. -COOR, -CRO, -C(0)NR2, 
'-C(0)R (R is a hydrogen atom or a hydrocarbon group), an epoxy group, -C=N or-NR'R" (R' and R" may be the 
same or different and are each a hydrogen atom or an all<yi group); m and n are each an integer of 0 to 2, and 
^0 m+n is not 0; and s is 0 or 1 ; 

(i) from the W portion of the copoiymerized poiar group -containing monomer, a Z portion is formed by anionic 
polymerization, ring-opening polymerization or polycondensatlon; 

the W portion of the copolymerized polar group-containing monomer Is reacted with a terminal functional 
^ group of a polymer obtained by anionic polymerization, ring-opening polymerization and polycondensation. 

15, A thermoplastic resin composition containing the polar group-containing olefin copolymer of any one of claims 1 
to 9. 

30 16, An adhesive resin comprising the polar group-contaming olefin copolymer of any one of claims 1 to 9. 

17. A compatibilizing agent comprising the polar group-contain if^g oiefin copoiymer of any one of claims 1 to 9. 

18. A resin modifier comprising the polar group-containing olefin copolymer of any one of claims 1 to 9. 

35 

19. A filler dispersant comprising the polar group-containing olefin copolymer of any one of claims 1 to 9. 

20. A dispersion comprising the polar group-containing olefin copolymer of any one of ciaims 1 to 9, 

40 21 . A film or a sheet comprising the polar group-containing olefin copolymer of any one of claims 1 to 9. 

22. An adhesive resin comprising the thermoplastic resin composition of claim 15. 

23. A compatibilizing agent comprising the thermoplastic resin composition of claim 15. 

45 

24. A resin modifier comprising the themnoplastic resin composition of claim 15. 

25. A filter dispersant comprising the thermoplastic resin composition of claim 15. 
50 26. A dispersion comprising the thermoplastic resin composition of claim 15. 

27. A film or a sheet comprising the thermoplastic resin composition of claim 15. 
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(54) Poiar group-contaming olefin copolynner, process for preparing the same, thermoplastic 
resin composition contaning the copolymer, and uses thereof 



(57) The present invention is intended to provide a 
poiar group-containing olefin copoiymer having excel- 
lent adhesion properties to metals or polar resins and 
excellent compatibility therewith, a process for prepar- 
ing the copolymer, a thermoplastic resin composrtion 
containing the copolymer, and uses thereof. TPte polar 
group-containing olefin copolymer comprises a constit- 
uent unit derived from an a-olefin of 2 to 20 carbon at- 
oms, and a constituent unit derived from a straight- 
chain, branched or cyclic polar group-containrng mono- 
mer having at the end a polar group such as a hydroxyl 
group or an epoxy group and/or a constituent unit de- 
rived from a macromonomer having at the er^d a poly- 



mer segment obtained by anionic polymerization, ring- 
openmg polymerization or polycondensation. The polar 
group-containing olefin copolymer can be prepared by 
polymerizing the a-olefin with the polar group-contain- 
ing monomer and/or the macromonomer in the pres- 
ence of a nnetallocene catalyst. The polar group-con- 
taining olefin copolymer and the thermoplastic resin 
composition containing the copolymer are used for 
films, sheets, modifiers, building/civil engineering mate- 
rials, automobile exterior trim, electric/electronic parts, 
coating bases, compatlbllizing agents, etc. 
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